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EVER was the progress-stimulating discontent of the 

automotive engineer with things-as-they-are more 

happily in evidence than at the 1934 Annual Meeting 
of the Society of Automotive Engineers. Held at the Book 
Cadillac Hotel, Detroit, Jan. 22-25, the meeting broke all 
previous records tor total registrations and total attendance at 
technical sessions. Saranac Inn, Lake Saranac, was chosen as 
the site for the Summer Meeting. 

With the finest motor vehicles the world has yet known 
being displayed at 1934 automobile shows, S.A.E. designers, 
production men and fleet operators packed sessions and com 
mittee meetings as never before to argue vigorously and com 
prehensively about how future cars, trucks and airplanes 
can be made quieter, easier riding, safer, and more economi 
cal to operate and to service. 

Aircratt and aircraft engines got attention, too, and many 
of the papers read at these two sessions this year had strong 
elements of interest for technicians in’ other parts of the auto 
motive field. 

Diesel engines, bodies, electrical equipment, production and 
management problems, chassis lubrication and a host of other 
vital questions were treated with vision and clarity. 

Next to the student session, which topped the goo mark 
in attendance, the independent springing, the engine and the 
noise-symposium session drew the biggest crowds. Every 
session was well attended, however, and some of the smaller 
ones at least equalled the larger as regards intensity of inter- 
est displayed. 


16 of the 19 living past presidents of the Society, together with President Roos, appear in this unusual group photograph 


New Technical Goals Set 
at Annual Meeting 
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/ the »hoto era rh above appear the following past residents 
& zg 


Standing (left to right) B. B. Bachman, 1922; Vincent Bendix, 
1931; G. W. Dunham, 1917; C. F. Kettering, 1918; ]. G. Vincent, 
192 David Beecroft, 1921; H. M. Crane, 1924; ]. H. Hunt, 


927; E. P. Warner, 1930. 

Seated (left to right) A. ]. Scaife, 1932; H. C. Dickinson, 1933 
H. L. Horning, 1925; T. ]. Litle, Jr., 1926; H. W. Alden, 1912 
) 192? u G. Wali 19206 D. G. R ‘, Preside IQ 34 H i 
Coffin, 1910. 


Frankness, clarity and comprehensiveness characterized a 
large part of the various papers and discussions. General 
Motors’ engineers answered frankly blunt questions as to 
why two different types of independent wheel suspension are 
being used by the Corporation; acoustical experts exchanged 
arguments as well as information; engine designers told of 
troubles as well as of successes; and aircraft experts expressed 
positive views about future aviation trends. 

Interesting comments on specific phases of current auto 
motive work sprang plentifully from the solid mass of coordi- 
nated technical information on which the value of the meeting 
rested basically. 

A few points selected at random may give some slight indi 
cation of the whole. There seemed to be agreement with 
Commander W. Briggs among the noise experts that “there is 
no sovereign remedy for the suppression of these wind and 
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Outline of Program 


MONDAY +r ° 
rransportation 
Motor Trucks 
yd aninn ‘ 
| sanuary | | Student Session 


j - 


2 


Diesel 
ee Aircraft 
23 Aircraft-Engine 
JANUARY | Business Session 


Bodies 


WEDNESDAY 


24 


Noise Symposium 
Engines 


Independent Springing 


JANUARY 
Electrical Equipment 
THURSDAY as Mg 
Production Luncheon 
) , Production 
JANUARY Fuels and Lubricants 
CR —_—— — — 
Dinner 
In the pages following appears the news 
report of the Annual Meeting. Each day’s 


happenings are preceded by a reproduction of 
one of the calendar pages shown above. For 
example, the Transportation Session will ap- 
pear under the heading for Monday, Jan. 22 


at heat 


body noises. They can be reduced only by painstaking exami 


nation in detail of each part from which noise may origi 


nate. The thought applies to practically all phases of 
automobile noise study, many of the acousticians seemed to 
think. Improvement cannot be accomplished by panaceas in 
the form of tricks or gadgets. 

[he reason for two types of independent springing on Gen 


eral Motors cars, J. wide 


divergence in weight of the cars involved and partly in the 
need of Chevrolet for a 


M. Crawford indicated, lies in the 


which could be manufactured 
and assembled completely in one plant and then shipped to a 


unit 


large number of assembly plants. 
Rotating-wing aircraft fundamentally are capable of speeds 
Wheatley ol 


those of hi 


in excess of those obtained by airplanes, }.. B. 


the N. A. ¢ 


listeners who were not to be classed as aircraft design experts 


\. said, thus surprising at least 


Ig 

Violently opposed ideas were expressed on the question as 
to whether or not weight distribution in truck design at 
present is a vital factor in safety, and strict drivers’ license 
laws were urged by R. A. L. Bogan as one means of mate 
rially increasing highway safety. The definite necessity for 
taking action to reduce the appalling total of 33,000 motor 
Mr. 
Horner. Total attendance at 
that of last year by 
hundred, making it the largest annual meeting in the history 
of the Society. 


Vol. 


vehicle fatalities per year mentioned by 
emphasized strongly by F. C 
this annual 


Bogan 


was 


meeting exceeded several 
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Brilliance Dominates 
Annual Dinner Program 


“ ¢* OCIALLY and industrially, twenty-five years trom now 
we shall have found a way to make effective a redis 
tribution of wealth without 


capital,” said John B. Kennedy, NBC 
was the principal speaker at the 1934 Annual Dinner of the 


drastic expropriation ot 


News Broadcaster, who 


Society, held Monday, Jan. 5 at the Hotel Commodore, New 
York City. 

“There will be a definite limitation of enormous private 
fortunes,’ Mr. Kennedy continued in his prophecy, “and | 
doubt if anybody will be able to inherit—without in some 


way earning—businesses built by thousands of workers.” 


Eight hundred and fifty members and guests listened to 


these and other striking prognostications from the famous 


news broadcaster. C. F. Kettering and C. B. Whittelsey were 


co-toastmasters at the banquet which surpassed the 


1933 
100 per cent. Dr. H. _& 


Dickinson, 1933 president, called the meeting to order as a 


dinner in attendance by more than 


business session and the members present heard the first talk 
by D. G. Roos in his capacity of president-elect for 1934. 
The business session then was adjourned to be continued in 


Detroit on Jan. 23. 


Capt. Cornelius Willemse, formerly of the detective branch 


“Behind 
the Green Lights” and “A Cop Remembers,” entertained with 


of the New York City police force and author of 


accounts of several thrilling escapades in which he had par 
ticipated during his professional career, while Borrah Mine 


vitch and his Harmonica Rascals 


their 
act the most enthralling annual dinner 


concluded with 


inimitable musical 


program in many years. Dinner music by Richard Faurote’s 
orchestra delighted the audience. 

Mr. Kettering said among other things: “I don’t know what 
the economists mean when they speak of ‘fundamental eco 
nomics’ any more than probably they know what we engi 
neers mean when we speak of inertia. But I do know that 
when you analyze the two concepts, they amount to just about 
the same thing. 


(Continued on page 40H) 


Alex Taub 


National Meet- 
ings Committee 
Chairman, re- 


sponsible for ar- 
rangements re- 
sulting in the 
successful 1934 
Annual Meeting. 
Mr. Taub also 
was chairman of 
the annual din- 
ner committee 
program 
met with high ap- 
proval from 900 
who ‘tended. 
(See page 40H) 
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T. C. Smith 


me. <. 


Highway Safety Needs 
Hold T & M Attention 


— safety, treated from the divergent angles 
of education of drivers and of front-end stability of 
motor-trucks, was the basic theme of the transportation and 
maintenance session. Attendance exceeded 125. R. A. L. 
Sogan, vice-president, Greyhound Corp., emphasizing the 
point that the driver still is the most important “nut” on a 
motor car, urged more widespread application of driver 
licensing laws and stressed the need of inculcating the spirit 
of safety into drivers if the number of highway accidents is 
to be reduced. “Abuses of the Highway by Operators” was 
the title of his paper. 

“Front-Wheel Stability in the Interest of Public Safety” 
was discussed by Walter A. Olen, President, Four-Wheel 
Drive Auto Co. T. C. Smith presided. 


Beginning with the statement that more than 33,000 
people are killed and more than 1,000,000 injured each year 
because of abuses of the highway by operators, Mr. Bogan 
went on to say in part: 


Chairmen at Monday Sessions 








S. M. Cadwell 


Horine 


Transport-Trucks-Students 
Feature Opening Day 


“In the states where drivers’ license laws are now in effect 
and where the state police are active in administering this 
law, there were 31 per cent fewer automobile accidents since 
the passage of drivers’ license laws than would have occurred 
if the deaths in those states had continued at the same rate as 
in the states where no such laws existed. 

“Increase of speed of automobiles demands increased safe- 
guards in the car and on the highway, as well as increased 
ability and care on the part of the driver. 

“Motor buses and trucks are safer than private automobiles. 
The reason for this is that the owners of fleets have given 
greater consideration to the education and discipline of drivers 
and to the establishment of safety rules for the guidance of 
drivers. These owners have thus created in the minds of the 
men, a definite interest in safety. Control of vehicles in 
various hazardous situations has been given real considera- 
tion. 

“The National Safety Council advises that, during a recent 
four-year period, fatalities involving privately owned auto- 
mobiles have increased 50 per cent; fatalities involving all 
commercial vehicles have decreased 12 per cent; and after a 
one-year period ending last June, all inter-city buses had 70 
per cent less accidents per 100,000 miles of operation than 
all other types of vehicles combined.” 

Mr. Bogan emphasized the value of the safety contests 
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which his and other organizations run trequently and told ot 
the extensive training in safety which has resulted in millions 
ot miles of accident-free operation. “Drivers of privately 
owned automobiles”, he said, “have had no such training 
and therefore have never considered the safety angle in the 
same degree as the commercial driver. A properly designed 
drivers’ license law will inculcate in every driver's mind the 
importance of satety and courtesy on the highway. 

“Courtesy is a big element in highway safety. Our records 
and investigations show that 


courteous driver is 


nine times out ot ten the 
a safe driver. 

“If a danger is obvious it is practically eliminated. Grey 
hound hauled 17,000,000 persons at the Century ot Progress 


in trailer without doors. There 


fatality or serious accident. 


buses 


was not a single 


[t is the lurking dangers that 
cause accidents.” 

In discussion of Mr. Bogan’s paper, B. J. Lemon urged the 
need for pedestrian as well as driver education if real high 
way safety is to be achieved. He mentioned a traffic experi 
ment now under way in New York City which provides 
lights giving the pedestrian ample time to cross the street 
without vehicles moving in either direction. 
policemen, he 


A multitude of 
pointed out, have not been able to keep 
pedestrians in line with the lights even under the most 
auspicious conditions. “True these irrestrainables are generally 
youths, but a sprinkling are women and adult males who 
claim the personal privilege of right of way regardless ot 
consequences and regulations.” 


Horner Cites Confusing Signals 


F. C. Horner commented that the type of signals being 
used in the New York experiment is somewhat confusing to 
the pedestrian, but agreed with Mr. Lemon that pedestrian 
education was necessary and desirable. Referring to the 33, 
000 motor fatalities per year as “appalling”, Mr. Horner said 
“Something must be done about it!” 

He did not agree with Mr. Bogan that practically all ot 
the fault for the accident toll is to be laid to private passenger 
car drivers. Mr. Horner a 
praising also the safety work done by many owners of truck 
fieets. He pointed out that many 


Buses are least to blame, reed, 


“ 
irresponsible individual 
truck operators are still running on the highways, however, 
and mentioned newspaper trucks and taxicabs as particular 
offenders against safety on the city streets. 


No one 


danger’, 


should be permitted to drive to the “common 
Mr. Horner said, pointing out that a well-enforced 
law couched in such terms has proved successful in England, 
where, he said, accidents are less than in the United States, 
relative to all of the factors which must be considered in such 
an analysis. 


Mr. Horner also emphasized the value of safety contests and 
educational work done by fleet owners, but brought out clearly 
the fact that we must find some way also “to educate those 
who make and enforce the laws.” 

To get to the bottom of the traffic accident problem, B. P 
Sergayeff said we must find some means of defining what we 
mean by reckless driving and must go deeper to find the 
reaction of the driver on the machine which he is operating, 
bringing psychology and physiology to our aid. 

Possibilities of simplifying rules of the road so that they 
might actually be inculcated into the mind of the average 
driver were discussed by Dr. H. C. Dickinson, who suggested 
that the three basic rules of marine traffic might well be 
transferred to the highway with but little modification. These 
rules, Dr. Dickinson said, are: 
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(1) The boat hxed course has the right ot 


way; (2). the 


going on a 
boat changing its course is responsible to: 
keeping out of the way of the one continuing on the same 
course; (3) whenever there is a conflict and it is necessary to 
signal ror right ot way, the boat not going on the course, 11 


it 


it does have to cross the path ot one requesting the right ol 


way, must give a signal and wait for a reply betore¢ going 
ahead. 
\. J. Scaite voiced the opinion that a driver who turns 


his head to talk to his companion is indulging in a particu 
and too common 
kind positioning of trafhce signals 
which make it impossible tor the driver to keep his eyes on 
the middle ot the 
driving 


larly dange rous 


practice. He decried the 


infinite 


variety of and 


road should be tor safe 


where they 
and at the same time be sure of obeying the law. 

Control ot abuses of the highway and of accidents, John 
Orr said, lies on the shoulders of the fleet operators. He urged 
full treatment of this subject at a future time and asked that 
a committee be appointed by the Transportation and Mainte 
nance Activity Committee of the S.A.E. to study during the 
next year the question of what commercial fleet operators 
can do to cut down accidents. 


Difficulty of Getting Results 


The possibility of getting results in accident prevention 
with men whose operation of vehicles is a minor part of 
their job, Mr. Orr pointed out, is very difficult. Work in 
accident prevention, he said, revolves largely around selection 


and training of drivers. Enactment of proper state legislation 


also is important, Mr. Orr said; then must come adequate 
enforcement. 


L. V. Newton, newly chosen vice-president ot the Trans 


portation and Maintenance Activity said that Mr. Orr’s pro 


) 
posal tor a committee to study what feet owners can do te 


prevent accidents would be given definite consideration at 
once by his activity committee. 

Capt. L. A. Lyon of the Michigan State police department 
uid that “the greatest abuse of the privilege of the highway 
results from an uncontrollable desire on the part of peopl 
lo get trom hither to yonder in the shortest possibl. time, 
nd ior no apparent reason. Inexpe rience with certain driv 
ng conditions also creatly increases the highway hazard.” 

He criticized car engineers for adding gadgets tending 
to make the operation of driving more complex and urged 


them to simplity the operating mechanisms as much as pos 
ible. “The greatest step forward will be made in safety on 
our streets and highways’, he concluded, “when the engineers 


l ] } 
who design motor vehicles and the manufacturers who build 


them produce a vehicle with a simple 


control tor all of its 


mechanical parts.” 


Building Trucks for Safety 


“Road building and the manutacture of trucks and auto 
mobiles have not been coordinated”, Mr. Olen said. “Each 
has been developing more or less independently of the needs 
of the other from the standpoint of public safety.” 

He submitted evidence to show the number and character 
of highway accidents involving motor vehicles. 

“Recent legislation has limited the load which may be 
placed on an axle. The present trend in motor-truck design 
is, therefore, to place more load on the front axle, to enable 
attaining a greater gross load and payload”, continues Mr. 
Olen. He poses the question “how much of the total weight 


CC 


to 
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ds 


be 


gn 
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rht 


S.A. E. 1934 ANNUAL MEETING 17 


to be propelled should be on the tront or guiding wheels?” 

A recent questionnaire sent out to truck makers, he 
says, revealed a wide variety of opinions as to the minimum 
percentage of the gross load which should be carried on the 
tront axle of a motor vehicle. 

Three manufacturers producing both automobiles and 
trucks varied from 10 to 20 per cent. Two truck manutac 
turers gave hgures of 21 and 22 per cent. One manutacturer 
of automobiles and trucks gave the standard rating on its 
new models as 20 per cent, and a manufacturer of trucks 
exclusively as 30 per cent. Many trucks checked by his 
company showed as little as 5 per cent, Mr. Olen said. 

Other figures cited by Mr. Olen were as follows: Com 
mercial Car Journal gives the general practice as 10 per cent; 
a fleet owner claimed his fleet varied from 7 to 13 per cent; 
P. M. Heldt, in his textbook, gives the ideal figure as 33 1/3 
per cent. 

Excerpts trom Mr. Olen’s paper tollow: 

“Tests conducted by J. Bradley, B.A., and S. A. Wood, 
M.Sc., and published by the Institution of Automobile Engi- 
neers, London, showed that when the center of gravity is 
approximately central, front-wheel locking exerts a greater 
retarding force than rear-wheel locking. In addition, a 
straight path is followed with locked front wheels as against 
an extremely uncertain path with rear brakes alone. With 
four-wheel brakes the location of the center of gravity did 
not change results, while on all other brake applications it 
made material differences. It was further found that the 
location of the center of gravity did not influence either 
distance to stop or the direction. The present height of 
trucks, now almost uniform, may therefore be not a material 
factor so tar as braking is concerned, with efficient brakes 
on all four wheels. 

“When a vehicle is stopped by the application of brakes, a 
rotative effect is produced, which increases the load on the 
front wheels and decreases that on the rear. This shift in 
weight, with wheels locked and sliding, may easily be 20 per 
cent of the gross vehicle weight. (It will be, with the height 
of the center of gravity, one-third of the wheelbase, and the 
coefhcient of friction 60 per cent.) Thus if a truck is 
designed to carry 50 per cent of the total weight on the 
front axle, the weight will increase to 70 per cent during a 
sliding stop, or a load 40 per cent greater than the axle was 
designed to carry. 

“Another tactor affecting front-end stability is the pressure 
exerted on the side of a vehicle by a side wind. While this 
is often neglected, it may be shown that a 10,000 lb. truck 
with 120 sq. ft. side area may be moved bodily sidewise by 
a 35-40 m.p.h. wind on an icy road. Average hourly wind 
velocities, tabulated for over 50 of our largest cities where 
constant records are kept, show monthly averages as high 
at 17.8 m.p.h. It is possible and entirely probable that to 
obtain such an average for a period of a month the velocity 
must have been at least twice that amount during certain 
periods. 

“Under all these varying conditions power within the 
guiding wheel enables it to respond more readily to the 
deviated direction, and the shifting load is timely to con- 
tribute to greater traction, thus enabling it to direct the load 
in the direction desired. 

“It appears, in general, that a static loading in front of 
33 per cent to 4o per cent, will give the best all-around brak- 
ing performance, as the load will be distributed almost even- 
ly, front and rear, during sliding stops.” 

Discussing the Olen paper, B. B. Bachman said that, in 


his opinion the question of the effect on tront-axle design 
ot load shift produced by deceleration ot the vehicle and 
braking would seem to have been somewhat overstressed. 

“It is true”, Mr. Bachman said, “that the order ot increase 
in weight, which Mr. Olen referred to, occurs in practice, 
but it is also true that when the vehicle is passing over 
bumps in the road, it has been proven by investigation 
through the Bureau of Public Roads that the increases in load 
on axles, etc., are of approximately the same order. These 
conditions must be recognized and allowed for in any 
proper design of vehicle. The comment made as to this 
factor being one of the contributing causes to the dissatistac 
tion experienced with the attempt to convert passenger cars 
into trucks is, however, quite to the point. 

“The statement is made that the load shifts to the outer 
wheels when rounding a corner, due to centrifugal forces 
increasing the loading on the outer wheels by an appreciable 
amount and this is also recognized, but the question of the 
interjection of softer springs does not seem to be pertinent to 
the subject. 

L. V. Newton thought that front-end stability of vehicles 
does have much to do with accidents as Mr. Olen brought out, 
despite disagreement on this point by several other discussers. 

Differing sharply with Mr. Olen on a number of points, 
A. W. Herrington said among other things: “Mr. Olen 
describes a test with a 2'4-ton, four-wheel-drive truck on a 
dry pavement with a front-axle loading of 5600 |b. and he has 
reported the pounds of effort at the rim of the steering wheel 
necessary to accomplish the desired steering result. Then by 
disconnecting the front-axle-drive shaft he has made a similar 
analysis, but by using a four-wheel-drive truck with its heavy 
front axle, driving and steering units as being representative 


J. O. Perrine 
Told the Student 
Session about Tele- 

Vision 





of a rear-driven truck. I question the conclusion which the 
author has drawn from those results. The very nature of 
the four-wheel-drive design makes it impossible to secure 
any analysis on this basis which could bring about intelligent 
results. Further, the steering efforts recorded by Mr. Olen’s 
engineers for this 244-ton truck are about 300 per cent more 
than the present existing normal practice of the truck industry. 

“IT am in accord with the thesis Mr. Olen attempts to 
prove’, Mr. Herrington concluded, “my only regret being 
that his choice of data and statements may lay him open to 
the criticism of some of my friends in the rear-drive truck 
held and it is for that reason that I have hastened to take 
issue on these points.” 
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Three Papers Start 
MT&MC Discussion 


N the motorcoach and motor-truck session, there was about 

an equal division of time between papers and discussion 
under the chairmanship of M. C. Horine. F. F. Chandler, 
Ross Gear and Tool Co., presented the first paper, “Notes on 
Steering’’, and there followed a lively question-and-answer dis 
cussion in which L. K. Snell, Lee Oldfield, L. P. 
R. A. Weinhardt and the author alternated. C. D. Peterson’s 
paper on “Multi-Range Transmissions” and that by J. ¢ 
Marble on “The Lysholm-Smith Hydraulic Torque Con 


verter’ were read in succession and discussed together. 


Kalb, 


Partly because of its comparative newness, the subject ot 


hydraulic torque converters resulted in considerable comment. 


An abstract of this paper follows: 

The Lysholm-Smith hydraulic torque converter, described 
by Mr. Marble, is based on the principle of the hydraulic 
turbine. The major parts are a pump wheel and a turbine 
wheel, mounted to rotate in a common chamber, filled with 
a mixture of oil and kerosene. The turbine is usually pro 
vided with three rings or stages of blades, working in con 
junction with two rings of stationary guide blades carried 
in the casing. The maximum torque multiplication is about 
five to one and the maximum hydraulic efficiency approxi 
mates go per cent. Pressure is automatically maintained on 
the fluid in the working chamber so that cavitation is avoided. 
If direct drive is desired, it can be transmitted through a 
shaft turning within the hollow turbine shaft and connecting 
by friction clutch to the driven member. A roller-type over 
running clutch may be incorporated in the drive, if desired, 
and reverse is secured through a supplementary reverse gear. 
Applications ranging from passenger cars to heavy commer 
cial vehicles, railcars and locomotives are possible. In manu- 
facture, allowable clearances are large and the converter is 
readily adapted to mass production. There is no appreciable 
deterioration in hydraulic parts of the apparatus. 

Three buses incorporating this type of drive have been in 
operation in Stockholm, Sweden, one since 1928. Leyland 
Motors, Ltd., London, has had actual operating experience 
with the converter, totaling several hundred thousand miles. 
The Leyland company is now offering this equipment for 
bus and railcar application. A 200-hp. converter-equipped 
railcar was placed in service in Ireland by the London, Mid 
land and Scottish Railway in 1933. Experimental applica 
tions have also been made by the International Railway Co. 
in buses operated in Buffalo. In one Yellow coach model, 
operated by this company, the torque converter was substi 
tuted for a gas-electric drive, with a net saving of 1150 lb. 
in weight and improvement in fuel economy and in other 
operating conditions. 


J. H. Hunt in discussion suggested that Mr. Marble add 
more information on the subject of braking action produced 
by the converter, intimating that such action might introduce 
certain difficulties and would involve torque reactions, but Mr. 
Marble indicated that these adverse effects had not been en 
countered. The chairman suggested that the braking effect 
might be comparable to that produced by regenerative braking 
in a gas-electric drive. It was also suggested that water-hammer 
or other inertia effects might be introduced, but Mr. Marble 
said that they are negligible if they occur. 
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In response to questions about the effect of heat dissipated 
in braking, or of that generated in normal torque conversion 
with the engine driving, Mr. Marble stated that the tempera 
ture attained by the working fluid averaged around 130 deg. 
fahr. in normal use on an eight-ton bus and had not 


above 185 deg. 


run 
fahr. in continuous tests equivalent to pulling 


Gave 


Chandler 


Some Notes on 

Steering at the Motor- 

coach and Motor- 
Truck Session 





up a 1o per cent grade. 


He also said that in types of con 
verters having a variable blade angle, this angle could be 
changed either manually or automatically, as desired. 


D. C. Wilkerson raised the whether a heavy 
burden would not be placed upon the synchronizer cones in 


the supplementary gear shifter box. 


question 


He said that experience 
had indicated that the size requirements on friction synchro 
nizers increase rapidly with torque increase as well as with 
the size of gears and the inertia to be absorbed. To this Mr. 
Marble replied that these parts had not given trouble in 
applications already made. 

In respect to another question as to what might happen 
to the engine in the event that it stalls when the car is 
running down hill, O. E. Fishburn of the Warner Gear Co. 
expressed the view that, if the mechanism was in the for 
ward drive position, the over-running clutch would function 
and there would be no detrimental effects on the engine or 
other mechanism. 


Multi-Range Transmissions 


Mr. Peterson confined his paper chiefly to transmissions 
in their application to commercial vehicles, because, he said, 
the multi-range transmission falls outside of the requirement 
of passenger-carrying vehicles, as in a single vehicle that may 
require a range in transmission ratios from 50 per cent over 
drive to a low-gear ratio of 16 to 1 or more, giving a total 
reduction of 24 to 1 or more in a single transmission on trans 
mission combination. 

“Due to the nature of the service into which multi-range 
transmissions go, they must give long life, and extreme care 
should be exercised in determining their capacity for any par 
ticular vehicle,” he said. “Gear-tooth pressure values, bear 
ing factors, shaft and case rigidity, etc., may be such that it 
would appear that a transmission would be of sufficient ca 
pacity for a certain engine. The vehicle, however, may have 
a low ability factor, which would necessitate an abnormal 
amount of gear work with resulting premature failure, where 
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as, had the vehicle been of such characteristics as to not 
require excessive gear work, the transmission would have 
proved .satistactory, which brings out that more transmission 
capacity 1s required for vehicles with low abilities than for 
those having normal or high abilities. 

“Multi-range transmissions, due to their many speeds and 
wide steps, have been the cause of complaints of hard gear 
shifting trom drivers, but with the advent of the sliding 
clutch, replacing sliding gears in many positions, and with 
improved chamfering of clashing edges of sliding gears, and 
with the growing ability of drivers to double-clutch when 
shitting both up and down, this complaint is becoming less 
prevalent. 

“The overdrive five-speed transmission, even though it does 
entail higher propeller shaft speeds than direct on fifth, meets 
with favor among more truck operators in that gear shift 
ing between direct drive and low gear is reduced, direct drive 
ability is increased, fuel economy and general overall smooth 
ness are improved and engine speed is reduced for open-road 
driving in overdrive. Gear shifting between direct and over 
drive, and vice versa, is easily accomplished due to small 
step in ratio between direct and overdrive. Further when 
shifting into overdrive engine speed is reduced for a given 
vehicle speed, vibration is less pronounced and smoother op- 
eration results, while a shift from fifth to fourth gear causes 
an increase in engine speed for a given vehicle speed, vibra- 
tion is more pronounced and smoothness is sacrificed. This 
is an important reason influencing experienced operators in 
selecting overdriven trucks. 

“Overdrive was once used mostly for empty trucks, or 
when light loads were being transported, to reduce running 
time. However, with the stepping up of vehicle speeds, the 
portion of the time of total operation spent in overdrive, un- 
der all conditions of load, became higher until it is now 
quite common practice to overdrive as much of the running 
time as possible. 

“Ground helical gears have reduced gear noise to such an 
extent that the major criticism of overdriving has been elimi- 
nated; this, together with the increased life offered by well 
designed helical gears, will no doubt bring about a wider 
use of overdrive transmissions.” 


Mr. Peterson described in detail nine types of transmissions, 
with the characteristics of their selective ratios. In summariz 
ing his paper he said: 

“It is seen that various combinations of multi-range trans 
missions are made possible by attaching to a standard four- 
speed transmission different auxiliary groups, such as over 
drive gears, over and underdrive gears, underdrive gears or 
drop gear cases, etc. 

“This not only makes possible economical production of 
transmissions for many applications but it enables truck man- 
ufacturers to produce trucks with transmission ranges to 
meet any conditions of operation with minimum chassis 
changes and minimum service complications.” 

Regarding the question on the Peterson paper, whether 
there should be an overdrive or not and how many speeds 
there should be in transmissions, Chairman Horine pointed 
out that it seems rather incongruous to gear up in the trans- 
mission and then gear down again in the final drive. In 
further discussion of this point, A. J. Scaife said: 


“The subject of direct versus over-direct-drive transmis- 
sions has been before the industry for about 23 years, espe- 
cially in the four-speed gear box and just recently in the 


five-speed gear box. There is a place for either type. An 
over-gear fits where the vehicle operates in direct drive when 
loaded, or in a diminishing-load service wherein the vehicle 
returns light, and especially when operating in interurban 
or inter-city work. 

“If the operation is in inter-city work, with loads both 
ways, a direct-in-high transmission can and should be used. 
In other words, when the operation provides for running in 
high gear 60 to go per cent of the running time, it is advisa 
ble to use an axle ratio that will give the desired speed and 
performance in direct drive. 

“A truck having a 9.25 to 1 axle ratio and a 0.74 to 1 
over-geared transmission will have the same speed and about 
5 per cent less ability in an over-gear that the same truck 
would have with a 0.68 to 1 axle ratio and a direct-in-high 
transmission. The ratios in high gear in both cases are the 
same. Because of not running through an extra set of gears 
in the transmission, the direct-in-high gear will have about 
5 per cent greater efficiency. It is by all means preferable to 
run in direct drive in high gear in the greater majority of 
transportation requirements. Another decided advantage of 
the direct drive is the reduction in propellor shaft speed.” 

Mr. Horine said that it is invariably the practice of drivers 
to shift as quickly as possible into the highest speed at which 
satisfactory operation can be secured and to stay in this speed 
as much as possible. 

Lee Oldfield stated that engineers generally understand 
how to design gearsets for best operation under a given 
set of conditions, but have failed to impart the necessary 
information to the user, who, in consequence, often fails 
to secure satisfactory operating conditions. Other opinions 
expressed indicated that some engineers expect the over-drive 
to gain in popularity, while others are of the opinion that 
it is something of a fad, resulting partly from advertising of 
those who use it as a sales argument. 


Steering Problems 
P 


The importance of efficiency in steering mechanisms was 
stressed by Mr. Chandler several times in the course of his 
paper. “The elimination of considerable friction”, he said, 
“can result from the use of some simple anti-friction bearing 
at the top of the steering column. To my knowledge, only 
one car uses this. It will come into greater use when car 
manufacturers are willing to pay the slight extra cost for it.” 

Two specific problems, knuckle-arm-ball position and steer- 
ing-arm-ball position were dwelt upon at length by Mr. 
Chandler. 

“At first glance it may seem logical that the knuckle-arm 
ball should be located on the transverse center of axle rotation, 
but ordinarily such is not the case. If we have a kick shackle 
or rubber shackles, a certain amount of backward motion re- 
sults from front wheels hitting road imperfections. This 
movement either adds to or subtracts from the amount of ball 
movement depending upon whether the ball is above or below 
the center of axle rotation. 

“It will therefore be seen that it is desirable to have the 
ball position above the true center of rotation of the axle so 
that as the stationary position of the drag link has the effect 
of pushing the ball forward with respect to the axle the ball 
will roll forward the same amount and thereby prevent the 
wheels from deflecting sidewise. Most jobs are not easily 
affected by slight alterations in the position of the steering 
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knuckle ball. It is advisable to initially select a position tot 
the steering knuckle ball which has proved satistactory in 
former design; then change it if necessary. Where axles are 
purchased complete from axle manufacturers, this position is 
usually predetermined.” 

Mr. Chandler explained in detail positioning methods on 
both knuckle-arm ball and steering-arm ball. 

“New problems are entering with independent suspension’, 
he said, “T am convinced that the basis of the solution of these 
problems is high efficiency of all associated steering parts.” 

In introducing the discussion on Mr. Chandler's paper, 
Chairman Horine indicated that this paper constituted some 
thing of a departure in that it involves discussion by the 
maker of one component of a vehicle of other parts of the 
vehicle to which this component is attached and through 
which it must function. In his brief remarks, L. K. Snell 
pointed out the importance of having a rigid steering arm 
and said that the extra weight required in making the arm 
sufficiently stiff is surprisingly small. 

Lee Oldfield asked whether the wide variation in ratios 
To this Mr. 
Chandler replied that some people have gone “ratio crazy”. 
Too high a ratio, he said, is apt to result in a wandering 
effect. He added that there is a tendency toward “faster” 
gears or gears affording a smaller reduction. There is also 
a tendency toward higher efficiency, he stated, and it is pos- 
sible to design a gear which has high efficiency in mid posi- 
tion and yet increases its efficiency as the angle through which 
the wheels are turned is increased. 


now employed in steering gears is necessary. 


Cites Tendency to Over-Steer 


L. P. Kalb stated that steering gear ratios, which give sufh- 
ciently easy steering at low speeds, frequently give too easy 
steering, or a tendency to over-steer at high speeds. 
that some engineers advocate an 
an arrangement 


He said 
“incorrect” geometry and 
could utilize the sway of the car 
when rounding corners at high speeds to oppose steering. In 
commenting on this, Mr. Chandler said that there is no such 
thing as a “correct” geometry, because opinions differ as to 
which geometric arrangement is best. 

F. W. 
ratios were around 12 to 1 while today they are as high as 
20 or 24 to I. 


which 


Davis stated that years ago, overall steering-gear 


Since so great a leverage is required, it is his 
opinion that it is time to utilize some of the power of the 
engine for the steering operation. This, he said, would per 
mit of reducing the ratio to about 16 to 1, which appears 
to be most desirable, and would still give extreme ease of 
steering under all conditions. Such an arrangement would 
relieve shocks transmitted to the driver’s hands and 
would provide a large factor of safety in the event that a 
tire blowout tended to deflect the car from its course. 


also 


Students Shown 


Television Basis 


EARLY a thousand members and guests were in their 

chairs when S. M. Cadwell called to order the Student 
session at which J. O. Perrine, American Telephone and 
Telegraph Co., talked on “Television—-Its Fundamentals and 
Physical Principles”. 


Following introductory remarks by chairman Cadwell and 
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president D. G. Roos, Dr. Perrine explained in simple and 
non-technical language the interesting methods and apparatus 
by which a moving image can be transmitted and received at 
a distant point. 

Formerly a member of the engineering faculty at Yale and 
at present associate-editor of the Bell System Technical Jour 
nal, Dr. Perrine made no attempt to indulge in wide specula 
tion about the application and entertainment value of tele 
vision, expressing the belief that there is an equal interest in 
the understanding and appreciation of the scientific method 


and electrical devices whereby television is experimentally 
possible i 


He showed several simple electrical experiments illustrative 
ot the operation and function of the principal elements of the 
television transmitter and receiver, namely the photo-electric 
cell and the neon lamp receiver. 


Amplifier Similar to Repeater 


A vacuum tube amplifier similar to the telephone repeater 


used in long distance telephony was connected between the 


photo-electric cell and the neon lamp. It was thus demon 


strated that light variations, even those of a fluttering match, 
at one point can immediately produce variations in the inten 
sity of the light emitted by the neon lamp placed 100 ft. or 100 
miles away. The development of the vacuum tube amplifier 
provided the keystone factor for all television systems. 

An important property ot both the photo-electric cell and 
the neon lamp as elements of a system, Dr. 
Perrine showed, is their speed of response. To articulate this 
property, the light of the neon lamp was controlled by electric 
currents from an electrical phonograph reproducer. The 
resulting rapid variations of light were radiated upon a photo 
electric cell at a distance of about 2 ft. 


television 


Thereupon music, 
transmitted on a light beam as it were and re-translated to 


electric current, came from a loud-speaker connected at thi 


far end of an electric circuit. 


Pictures Substitutes for Vision 


Pictures are substitutes for vision, he 


sional phenomenon thereby replaces a 


phenomenon. In television, 


homecnon 


a two-dimensional ph 
in space is transmitted by a one-dimensional system in spac 


Wire and radio circuits are single-track systems, that is, on 


dimensional systems. Hence, the element of time must bi 


substituted for 


one dimension in 


space. This means that 


pictures cannot be sent as a whole, but must be sent on the 


instalment plan as it were; picture elements translated into 
electrical impulses by the photo-electric cell, must be sent in 
rapid succession, utilizing one dimension in space with the 


aid of the dimension, time. At the receiving end of the 
television system the succession of picture elements in elec 
trical form is 


re-translated into 


light variations and 


reas 
sembled in two dimensions. 

This translation of two space dimensions into one space 
and time dimension is accomplished by the principle ot 
scanning with a spot of light. The obtaining of individual 
picture elements by a rapidly moving spot of light traveling 
in parallel lines is demonstrated. 

The persistence of vision on the part of the human eye as 
contrasted with the electrical eye is a psychological factor 
capitalized in television. 
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Delmar G. Roos, 
President for 1934 


he three following pages appear phot 
} nd brief biographies of all the members of the 
uncil, including vice-presidents representing the 
ties. Each biography has been checked for 


ict y the person it ncerns 


ADIO (it was wireless then) and turbines occu- 
pied Delmar G. Roos atter he took his M.E. trom 
Cornell in 1911. But he had done some experimental 
work on automobiles before leaving the University, 
and from 1912 onward we find him following the 
profession which has led him to the presidency ot 
the Society tor 1934-35. 

Mr. Roos joined Locomobile in 1912 as an assistant 
engineer in the experimental department. In the next 
13 years he became successively: engineer, electrical 
engineer, chief of research and experiment, engineer, 
vice-president in charge of engineering and produc- 
tion, and in 1924, vice-president and chief engineer. 

In 1925 he left Locomobile to become chief engi 
neer of the Marmon Motor Car Co., Indianapolis, 
and in 1926 joined the Studebaker Corp., South Bend, 
Ind., as assistant chief engineer. From 1928 until the 
present, he has been chief engineer for Studebaker. 

Mr. Roos has been an active participant in Society 
committees since 1919, when he became a member of 
the engine division of the Standards Committee. In 
1930 he became a member of the Passenger-Car Ac- 
tivity Committee, and in 1932 was elected a vice-presi- 
dent of the Society, representing the Passenger-Car 
Activity. 

The records show that Mr. Roos has been a member 
of about 20 committees of the Society, including the 
Motor Transport Advisory Committee (cooperating 
with the Quartermaster Corps, U. S. Army) and the 
Stock-Car Contest Advisory Committee (cooperating 
with the American Automobile Association). 

At various times he has been affliated with the 
Metropolitan, Chicago and Indiana Sections of the 
Society. He became a member in 1912. 


Dr. H. C. Dickinson, who continues 
with the Council as past-president, has 
been chief of the heat and power divi 
sion of the Bureau of Standards since 
1922. Previously he was physicist in 
charge of powerplants research of the 
Bureau. From 1921 to 1923 he was 
manager of the research department ot 
the Society. He was elected a member 
in 1918. 

Dr. Dickinson is a member of several 
other technical societies, including the 
American Society of Mechanical Engi 
neers, the American Society for Testing 
Materials, the Society of Refrigerating 
Engineers, the American Physical So 
ciety, the French Physical Society, and 
is a fellow of the American Association 
for the Advancement of Science. 


Past-president and Council member, 
Arthur J. Scaife has served on more 
than 80 committees and Society execu- 
tive groups in his 23 years of mem 
bership. Since 1900 he has worked 
for the White Co., Cleveland, for which 
he became associate engineer in 1911 
and consulting field engineer in 1929. 

Mr. Scaife’s professional life has nat- 
urally been associated with the devel 
opment of the motor truck, because oi 
his connection with the White Co., and 
a large part of it has been concerned 
with the application of trucks to spe- 
cific operations in the field. His little 
black data-book is well-known wher- 
ever Mr. Scaife has appeared, and re- 
flects years of constructive interest in 
S.A.E. motor-truck standardization and 
coordination activities. 


David Beecroft begins his second 
term as treasurer of the Society and 
ex-oficio Council member. He is a 
past-president (1921) and has held 
many other important positions in the 
Society. 

From 1904 to 1929 Mr. Beecroft was 
an increasingly prominent figure in the 
technical and business press of the 
automotive industry. Beginning as an 
assistant editor of Motor Age, he be- 
came director of all editorial activities 
for the Class Journal Co., which pub- 
lished a group of automotive mag- 
azines. 

In 1929 Mr. Beecroft was elected a 
vice-president of the Bendix Corp., 
South Bend, Ind., and subsequently 
became manager of the New York 
office of the Bendix Aviation Corp. 
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A. J. Scaife 


David Beecroft 
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Three New Councilors Take Office with Three 


J M. CRAWFORD is a Councilor tor the 

* 1934-5 term, after serving in 1933 as vice- 
president representing the Passenger-Car Activ- 
ity. He is chief engineer, Chevrolet Motor Co., 
Detroit, with which he has been connected since 
1927, when he joined the company as 
chief engineer. 

Mr. Crawford began his automotive career as 
assistant engineer in charge of design tor the 
American Motors Co. in Five years later 
he went with Chalmers as design engineer, and 
in 1917 became chief engineer of the Allen 
Motor Co. From 1922 to 1927 he was chief 
engineer of the Auburn Automobile Co. He be 
came a member of the Society in 1913. 

He was a member of the Passenger-Car Ac 
tivity Committee (1930-1931) and of the Sec 
tions Committee in 1930. 

Mr. Crawford was born in Indianapolis and 
received his education there. 


assistant 


1907. 





J. M. Crawford 


LEVEN years of work with industrial ma 
chines preceded James B. Fisher’s entrance 
into the Waukesha Engine Co., Waukesha, Wis., 
with which he has been associated since 1915; 
from 1915 to 1923 as mechanical engineer, and 
since then as chief engineer. He was elected a 
member of the Society in 1917. 

He became a member of the engine division 
of the Standards Committee in 1919, and has 
been vice-chairman of the same committee six 
times. All of his committee activities have been 
connected with the standardization work of the 
Society, including lubricants and motorcoaches. 

Mr. Fisher was born at Johnstown, Ohio. For 
several years he worked for the American Steel 
Foundries and the Alliance Machine Co. of 
Alliance, Ohio. In 1909 he became mechanical 
engineer for the Federal Bridge Co., Waukesha, 
Wis. 

Since that time his professional activity has 
been for Waukesha organizations, and. he has 
been affiliated with the Milwaukee Section in 
his S.A.E. connections. 
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ALTER T. FISHLEIGH, consulting engi 
neer, Detroit, continues on the Council 
Betore going into consulting work, Mr. Fish 
leigh served 11 years as instructor, assistant- 


professor and 


gineering 


Mechanical En 
University of 


professor in the 


Department of the 


Michigan and spent 14 years in commercial 
engineering work with the Pennsylvania Rail- 
road, Packard Motor Car Co., and the Ford 
Motor Co. 

He was elected to member grade in the So 


ciety in 1913 and has been vice-chairman and 
chairman of the Detroit Section. From 1913 
to 1917 he was a member of the Research Divi- 
sion, Standards Committee, and in 1917 was 
chairman, Engine Division, Standards Commit- 
tee. 

His other committee activities have been on 
the Tire and Rim Division, Standards Commit- 
tee, the Constitution Committee, Sections Com- 
mittee, and the Passenger-Car Activity Commit- 
tee. He served a 
in 1929-1930. 

Mr. Fishleigh took an A.B 
University of Michigan in 1902 and a B.S 
(Eng.) in During the World War he 
served first as a major in the Sanitary Corps, 
then as lieutenant-colonel in the M. T. Corps. 


previous term as Councilor 





degree from the 


Fisher 
1906. 


coordinator and super 
Standard Ol! 
Co. of N. J., first member of the 
Council in 1926. In 1933 he was vice-pres- 
ident representing the Transportation and Main 
tenance Activity, and served on eight important 
committees of the Society, including the two 
advisory committees cooperating with the U. S. 
Army. 


J F. WINCHESTER, 


visor of motor equipment, 


became a 


In his connection with the Society Mr. Win 
hester has played an important part in activity 
centering around transportation and mainte 
nance, highways, fuel-research, and in addition, 
has served on the Publications Committee. As 
a Council 
1934. 

Mr. Winchester was one of the first transpor- 
tation and maintenance men in the country to 
recognize the benefits to be derived by 
nel in the field through with the 
S.A.E., and has been active in advancing 
the which led to standards for 
motor-vehicle maintenance work. 


member his extends 


term through 


person 
association 
very 


some of ideas 





W. T. Fishleigh 


R. GEORGE W. LEWIS continues as a 
Councilor, having been elected for a two 
year term at the beginning of 1933. He is di 


rector of aeronautic research for the National 
Advisory Committee on Acronautics, a position 
which he has held for about 11 He was 
elected to membership in the Society in 1918 
and later transferred to service membership. 

3efore becoming an executive of the N.A.C.A., 
Dr. Lewis conducted research for it on internal 
combustion engines at the Clarke Thompson 
Research, Philadelphia. His committee interests 
in the Society have included aircraft, aircraft 
engines, research and publications. He became 
vice-president representing Aircraft Engineering 
in 1931. 

Dr. Lewis’s alma mater was Cornell, where 
he studied mechanical engineering. He was at 
one time professor of mechanical engineering at 
Swarthmore College, Swarthmore, Pa. 


years. 





J. F. Winchester 
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George W. Lewis 


W G. WALL is a past-president of the 
* Society, a past vice-president represent- 
ing Motor-Car Engineering, has been a Coun- 
cilor twice, and past chairman of the Indian- 


apolis Section. He was elected to membe1 
grade in 1906 and has been a member and 
chairman of numerous committees. He was 


elected for a two-vear term on the Council in 
1933. 

Mr. Wall was chief engineer for the National 
Motor Car and Vehicle Corp. for a number of 
vears before he entered the consulting field in 
Indianapolis. He has been a member of the 
Ordnance Advisory Committee several times 
and is a member of the Stock-Car Contest Ad 
visory Committee, the Research Committee, and 
the Riding-Comfort Subcommittee. 

He is a graduate in civil engineering of the 
Virginia Military Institute, Lexington, and in 
electrical engineering of the Massachusetts In- 
sutute of Technology, Cambridge. He was 
born at Baltimore, Md. 





W. G. Wall 


HEODORE PAUL WRIGHT began his pro 

fessional career as an architect and entered 
aviation by taking the Naval Aviation Ground 
School course at the Massachusetts Institute of 
lechnology, in wartime. In 1930 he won the 
Wright Brothers Medal of the Society for a 
paper on “The Development of a Safe Air- 
plane—The Curtiss Tanager,’ and is now gen 
eral manager of the Curtiss Aeroplane and 
Motor Co., in Buffalo, N. Y. 

Mr. Wright has been a member of the Air- 
craft Division of the Standards Committee since 
1929, and was, for three of those years, a mem- 
ber of the Aircraft Activity Committee. As a 
vice-president of the Society, he will represent 
the Aircraft Activity. 

He was born in Galesburg, IIl., and attended 
Lombard College there, later graduating from 
the Massachusetts Institute of Technology with 
an architectural degree. His first connection 
with the Curtiss organization was as inspector 
of naval aircraft produced by the company dur 


ing the World War. 





T. P. Wright 


OBERT INSLEY, who becomes vice-presi- 

dent representing the Aircraft-Engine Ac- 
tivity, is research engineer for the United Air- 
craft and Transport Corp., Hartford, Conn. 

He entered the aviation field in 1920 as 
aeronautical mechanical engineer, in the engi- 
neering division of the U. S. Army Air Service, 
McCook Field, Dayton, Ohio. Mr. Insley was 
stationed in Davton until 1928 and served as 
treasurer and chairman of the Dayton Section. 

In 1929 he became chief engineer of the aero- 
nautical division, Continental Motors Corp., and 
when the aeronautic activities of Continental 
were embodied in a separate company, he be- 
came its vice-president, until 1933, when he 
joined United Aircraft. 

Mr. Insley was a member of the Diesel-En- 
gine Activity Committee in 1933 and was vice- 
chairman of the Aircraft-Engine Activity Com- 
mittee. He was also chairman of the aircraft- 
engine division of the Standards Committee and 
a member of the Ordnance Advisory Committee. 
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Robert Insley 


D. HILL assumes office as vice-president 

* representing the Diesel-Engine Activity, 
with a long background in the heavy-oil en- 
gine field. He is vice-president and general 
manager of the Hill Diesel Engine Co., Lansing, 
Mich., and has been associated with gas and 
oil engine development since 1906, when he 
was with the Fairbanks Co., in New York. 
From 1910 to 1926 he was with the Bates 
and Edmonds Motor Co., Lansing, as de- 
signer, factory manager, vice-president, chief 
engineer, etc. 

In 1931 he became chairman of the diesel 
engine division of the Standards Committee, 
and the Diesel Engine Activity Committee. He 
is a member of the Joint S.A.E.-A.S.M.E. Diesel 
Fuel Research Committee and has been a mem- 
ber of the Cooperative Fuels Research Subcom- 
mittee. 

Mr. Hill was born at Hillsview, Westmore- 
land County, Pa. He was elected to member 
grade in the Society in 1917. 





H. D. Hill 
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Biographies of Officers Show Wide Interests 


RTHUR LUDLOW CLAYDEN tollowed th ies W VOTYPKA, chiet engineer, | 
profession of technical journalism on twe : e 
sides of the Atlantic Ocean betore he became 


Baron-Detroit Co., assumes office as vi 


resident representing the Passenger-Car-Bod 





a consulting engineer. He is now research en Activit 
gineer for the Sun Oil Co., and takes office a Mr. Votypka has devoted virtually all of hi 
vice-president of the Society representing the rofessional activity to body engineering In 
Fuels and Lubricants Activity. He was elected :916 he became production engineer tor the 
a member in 1910, before he settied in th Griswold Motor and Body Co., in charge of 
United States body engineering and production. From 192 
Mr. Clayden was twice editor of “The Auto 1925 he was body engineer for the Towson 
mobile Engineer” of London, and for a period Body Co., Detroit, and from 1925 to 1927 wa 
editor of “Internal Combustion Engineering vith the Murray Body Corp. in the same ca 
published by the same compan cit He has held his present position with 
He came to the United States in 1tg914, an LeBaron § sinc 1928 
became engineering editor of Ch Automo In 1933 | was vice-chairman, representins 
bile’ and later, engineering editor tor all Cla wody engineering, of the Detroit Section, a 
Journal Co. publications He has been afhli ember of the Passenger-Car-Body Activity on 
ated with the Metropolitan and Philadelphia Professional Activities Committ nd a 
Sections, and now has headquarters in Detroit iber of t Passen Car-Body Committee 
Mr. Clayden was born at Bath, England, an I} cond two ofh vere held b n il 
attended Bristol Universit After an appre! »32 alse ind n 19g ne Va n 1D 
ticeship on the practical side of motor-vehi Passet Car-Bov Activity ¢ vit 
servicing, h ntered the industry as assistant 
manager of th Daim testing departn 





A. K. Brumbaugh 


| Spach F. KISHLINE 1s assistant chief e. 
gineer, Graham-Paige Motors Corp., De 
trot, nd take one i vice-president 

nting the Passenger-Car Activity. He ha 
ven a member of the Society since 191 


Mr. Kishline began his automotive 


az a xport superintendent of the Krit M 
tor Car Co., and had engineering assignment 
with other motor-vehicle manufacturers unt 
the Wa \s a member of the motor tran 
tauiol division of the (Quartermaster (¢ 


U. S. A., he became commanding officer 
neering division, experimental section, of t 
Motor Transport Corps. 

After the War Mr. Kishline joined Grahai 
Bros., Evansville, Ind., as experimental eng 
neer. In 1929 he took his present position witl 
Graham-Paige. 

He has been a member of several S.A.E. com 
mittees, including the Cooperative Fuels Sub 
committee, the Passenger-Car Activity Commit 
tee, and the passenger-car division of the Stand 





ards Committee. 





A. Ludlow Clayden 


John W. Votypka 


K. BRUMBAUGH, commercial engineer, 
* the White Co., Cleveland becomes vice 
president of the Society representing the Motor 
Truck and Motorcoach Activity. Mr. Brum 
baugh has been a member and chairman of 
numerous §.A.E. committees, and was elected 
a Councilor in 1925. In 1931 he was vice 
president representing the Production Activity 
Mr. Brumbaugh’s professional career has led 
him in and out of the automotive industry 
several times, but by far the largest part of it 
has been connected with motor vehicles in some 
capacity. In 1915 he joined the Autocar Co., 
Ardmore, Pa., and was with them until 1927 
as assistant engineer and electrical enyineer 
In 1927 he joined the White Co. as Assistant 
Commercial Engineer, becoming Commercial 
Engineer in the following year 
In 1933 Mr. Brumbaugh was Cleveland Se 
tion representative on the Membership Commit 
tee, member of the Production Activity Commit Mr. McCoy is a member of the Research 
tee, vice-chairman of the parts and fittings di Committee on Cutting of Metals, of the Amer 
vision of the Standards Committee, and a mem ican Society of Mechanical Engineers. He wa 
ber of the Motor Truck and Rating Committee F. F. Kishline born at Portsmouth, Ohio. 
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VW H. McCOY is manager of the experi 

* mental production machine shop, Gen 
eral Motors Corp. He becomes vice-president 
of the Society representing the Production A« 
tivity. 

From 1917 to 1919 Mr. McCoy was assistant 
to the superintendent of assembly, U. S. Naval 
Ordnance Plant, Dayton, Ohio. In 1919 he 
joined General Motors and until 1925 designed 
special tools, supervised machining and assem 
bling operations in the research division. From 
1926 to 1928 he was experimental production 
manager for General Motors, and became di 
rector of the tool and gage section in 1929. 
In 1930 he assumed his present position with 
the corporation. 





pe ri 
Gen 
ident 
1 At 


istant 
Naval 
9 he 
igned 
ssem 
From 
iction 
e di 
19029. 
with 


search 
Amer 


eC wa 





W. H. McCoy 


| Being V. NEWTON becomes vice-presi- 
dent of the Society, representing the Trans 
portation and Maintenance Activity. He is au- 
tomotive engineer of the Byllesby Engineering 
& Management Corp. and is in charge of auto- 
motive transportation, in the Standard Gas & 
Electric Co. system. He also is in charge of 
bus and small street railway operations of com- 
pamies in the system. 

In addition to these duties he is consulting 
engineer of the Deep Rock Oil Corp. and the 
Schulze Baking Co. 

Prior to Mr. Newton's association with the 
Byllesby interests in 1927, he was associated 
with the Chicago Telephone Co., The Texas 
Co., The Indian Refining Co. and the Pure Oil 
Co. His work with all of these companies was 
in transportation and maintenance. 

Mr. Newton is past chairman of the Chicago 
Section and during the year 1933 served on the 
following committees: Transportation and Main- 
tenance, Meetings, Standards, and Engineering 
Display. 

Mr. Newton was born in Chicago and gradu- 
ated frem the University of Illinois in 1913, re 
ceiving the degree of B.S. in mining engineer 
ing. 
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L. V. Newton 


Meetings Calendar 


Baltimore—Feb. 12 


Engineers Club of Baltimore; dinner 6:3 


P.M 


oO 


Motor Truck Development—by a representa- 
tive of Brockway Motor Co., Inc. 


Buffalo—Feb. 7 


Hotel Statler: dinner 6:30 P.M 


The New Kind of Ride—W. J. Davidson, 
General Motors Corp 


Canadian—Feb. 21 


Re York Hotel, Toronto; dinner 7:0¢ 
M 
fire Structu in Relation to Independentl 
Suspended Front Whee Dr. A. W. Bull 
Resear Division, U. S. Tire Co., In 


Chicago—Feb. 6 


( ta R blot. Sherman dinnet 
P.M 
Independent Front Wheel Springing and A 
ted Problet Speakers: Maurice Olle 
ecial problems engineer, Cadillac Motor 
Car Co., and Carl Kindl, chief engineer, 
) | miuct Co 


Cleveland—Feb. 12 
Cleveland Club; dinner 6:30 P.M. 
\luminum Combustion Chambers—Frank 


Jardine, chief engineer castings div., Alumi 
tum Company ot America 


Dayton—Feb. 14 


Engineers Club. 


New Developments in Aircraft Engines 


F. L. Prescott, U. S. Army Air Corps, 


Wright Field. 


New Developments in Aircraft Design 


J. A. Roché-—U. S. Army Air Corps, Wright 
Field. 


Equipment and Aids to Navigation—P. N 
Sutton, U. S. Army Air Corps, Wright 
Field 


Detroit—Feb. 21 


Hotel Book-Cadillac: dinner 6:30 P.M. 
Ladies Night 
Indiana—Feb. 8 

The Athenaeum, Indianapolis; dinnet 
6:30 P.M 
Review of the Shows 1D. G. Roos, chief en 
vineer, Studebaker Corp. 
Kansas City—Feb. 9 

Steuben Club; dinner 6:30 P.M. 
Subjects \utomatn Transmissions, and 
Outstanding Features of 1934 Cars 


Metropolitan—Feb. 15 


Hotel Roger Smith, New York City; du 
ner 6:30 P.M 


Symposium by engineers from truck and 
bus manufacturing companies on—Enginee! 
ing Design Reduces Maintenance Costs 


Milwaukee—Feb. 7 


Milwaukee City Club; dinner 6:30 P.M 
High Lights from the Annual Meeting 
Herbert Chase. 


New England—Feb. 13 


Walker Memorial, Massachusetts Institute 
of Technology, Cambridge; dinner 6:3: 


P.M. 
Novel Features of the New Models—Prof. 


Dean A. Fales, Department of Engineering, 
M.I.T. 


Northern California—Feb. 13 


Inspection trip to Ford Plant at Richmond, 
Calif. 


Oregon—Feb. 16 


City of Portland Municipal Shops; din 
ner 6:30 P.M. 
Joint meeting of S.A.E. and A.S.M.E. In 


spection trip through City of Portland 
Municipal Shops. 


Philadelphia—Feb. 14 


Inquirer Bldg.; dinner 6:30 P.M 

Naked Truth Meeting’”—speakers, Walter 
Graf, Edward G. Budd Mfg. Co.; J. W 
Cottrell, Joseph Geschelin and W. K. To 
boldt, Chilton Co.; E. B. Neil, N. W. Ayer 
& Son; John A. C. Warner, S.A.E., Chau 
man. 


Southern California—Feb. 9 
Richfield Bldg. Cafeteria, Los Angeles 
dinner 6:30 P.M. 


Joint meeting of Section with Automotive 
Boosters Club No 20. 

The Latest Developments in Automobile 
Construction as Disclosed in 1934 Models 
Ethelbert Favary, consulting engineer. 
Automotive Boosters Club Cooperation in 
the Industrv—Glenn A. Shaver, president, 
Automotive Boosters Club No. 20. 


Washington—Feb. 17 


Sholl’s, 1219 G St. N. W., Washington, 
D. C.; dinner 6:30 P.M. 


Economics—Dr. H. C. Dickinson, U. S. Bu- 
reau of Standards 
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Cooling & Starters 
At Diesel Session 


A J. POOLE, Bendix Aviation Corp., presided at the 
¢ Diesel session on Tuesday morning. 

F. M. Young, Young Radiator Co., talked on “Recent 
Development of Water and Oil Cooling Devices for Diesel 
Engines”, and R. P. Lansing, Eclipse Aviation Corp., on 
“Starters for Diesel Engines”. 

Mr. Young stated that the ideal radiator is one in which 
the resistance to air and water flow is not too great and in 
which there is a maximum amount of cooling for a mini- 
mum radiator cost and minimum horsepower consumed for 
the operating accessories. A large number of slides were 
shown illustrating different types of radiator design and 
installation. Emphasis was placed on the desirability of 
using as large a fan as possible, properly installed, so as 
to keep the fan speed down to the minimum and hence 
save on horsepower. A brief outline was given of some of 
the problems encountered in the design ot oil coolers. 

In discussion of the Young paper, several speakers empha 
sized the remarks of the speaker on the balance between 
radiator design and fan horsepower, pointing out that mate 
rial savings in horsepower frequently can be achieved. There 
was also considerable discussion on oil coolers, in particular 
on the decided advantages of using water rather than air as 
the cooling medium. 


Mr. Lansing, after a briet review of the methods which 


H. H. Allen D. B. Brooks 


Co-Authors of a Paper on the Aircraft-Engine Program 
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Diesels-Aircraft-Bodies 


are Tuesday Topics 


have been used for starting engines, pointed out in detail the 
advantages of employing an inertia starter. Such starters 
have been used extensively in airplane engines of the spark 
ignition type, but their use with Diesel engines has been 
largely overlooked to date. With the proposed type ot 
inertia starter, cranking to store energy in the starter may be 
done by hand, by electric power or by compressed air. One 
of the great advantages of the inertia starter is the comparative 
simplicity, particularly in the manual type, and the high 
momentary cranking speeds obtainable. Following the pres- 
entation of the paper, there was considerable discussion on 
the design details of inertia starters. 


Acoustics, Gyros 
On Aircraft Spot 


UESDAY morning’s aircraft session, at which T. P. 

Wright was chairman, was devoted to two papers. One ot 
these, “Acoustics and the Airplane”, by Stephen J. Zand, 
Sperry Gyroscope Co., is published in full elsewhere in 
this issue. In the second paper, “The Theory of Rotating 
Wing Aircraft”, J. B. Wheatley of the National Advisory 
Committee for Aeronautics, gave a masterly discussion of 
the relative merits of different types of craft with rotating 
wings and also compared these with the conventional type 
of airplane. In so doing, he reached conclusions which are 
somewhat startling, especially to those who may have gained 
the impression that rotating-wing craft are of minor com 
mercial importance because of their comparatively low max 
imum speed in the forms generally known. 

Mr. Wheatley’s analysis indicated that the rotating-wing 
type of craft should be capable, in certain designs, of speeds 
in excess of those obtained by conventional airplanes; that its 
low-speed performance is decidedly better, and its maneuver 
ability and controlability, as well as its reliability in emergency 
landings, are decidedly better. Although its first cost 1s some 
what higher than that of the conventional airplane, this 1s 


offset by economy in maintenance and operation. 


Mr. Wheatley’s paper contained a discussion of the advan 
tages inherent in a rotating-wing aircraft, in regard to its 
performance and safety, as compared to the conventional 
airplane. Arbitrary criteria were set up, presenting the dif 
ferent characteristics that must be possessed by rotating-wing 
aircraft in order that they may be considered successful. The 
criteria were set forth as follows: 


1. Controllability, maneuverability, and stability must be 
positive and satisfactory over the entire speed range. 
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2. The machine must be reliable, and must be able to land 
safely in the event of a powerplant failure. 

3. The low-speed performance of the machine must permit 
landing on and taking-off from small, restricted areas. 

4. The high-speed of the machine must be great enough tor 
practical utility. 

5. The operation of the machine must be simple, so that a 
comparatively inexperienced pilot will be able to operate it. 

6. First cost and maintenance must be small, and the opera 
tion must be economical. 

The criteria are used by Mr. Wheatley to evaluate four 
types of rotating-wing aircraft: the helicopter, the cyclogiro, 
the autogiro, and the gyroplane. 

According to the criteria the autogiro and gyroplane will 
be superior to the airplane when their pronounced possibilities 
for high-speed performance are materialized, these possibili 
ties consisting of the inherent ability of the autogiro and 
gyroplane rotors to attain their maximum lift-drag ratio at 
any desired forward speed. The cyclogiro is approximately 
equal in merit to the airplane, while the helicopter is def 
nitely inferior. The discussion indicates the utility of the 
rotating-wing machine for the private flyer and the unskilled 


pilot, because of its increased safety and the smaller landing 
held required tor it. 


Discussion of Mr. Wheatley’s paper consisted largely of 
complimentary remarks regarding its substance and clarity, 
and of questions concerning various points raised in the 
paper. 

One of those who took an important part in the discussion 
was Elliot Daland, chief engineer, Pennsylvania Aircraft 
Syndicate, who said, in part: 

“The problem of control grows much more difficult with 
increase in speed range of an airplane because if sufficient con 





trol is given at low speeds, there is such an abundance of 
control at high speed that ships easily can be stunted and 
quickly pulled out of dives. As a consequence the factors 
and weight of structure, have had to be raised considerably. 
The control of the gyroplane rotor can be made as powerful 
as required and the power remains practically constant 
throughout the entire speed range. This is because the veloc- 
ity available for control is the rotary velocity of the blades 
which stays nearly constant at all translational speeds. 

“We have had a machine so rigged that, if it was at rest on 
the ground facing a 20-mile wind, and the rotor was allowed 
to come up to speed, the lateral control was powerful enough 
to lift a wheel off the ground. This control can be obtained 
with very small forces on the stick, since the feathering axis 
can be close to the center of pressure. At the high-speed end 
of the speed range, however, the control need not be any 
faster or more powerful than required for normal flying 
maneuvers, and so limits the loads that can be imposed on 
the entire structure. 

“In the light of Mr. Wheatley’s paper the Autogiro and the 
Gyroplane have many features which will be required for 
the $700 aircraft being sponsored by the Department of Com 
merce: First, the speed range of 25 m.p.h. to 100 m.p.h., as 
shown by Mr. Wheatley’s paper, is more easily attained with 
a rotating wing than with the conventional fixed wing. 
Second, the control at the low speed is easily obtained, without 
penalizing the design with high load factors. Third, with 
increased numbers of aircraft the problem of vision and 
maneuverability will become more apparent. The airplane 
is bound to have a blind spot because of the fixed wing and 
this will result in accidents. With the wingless gyro type, 
perfect vision is possible in all directions, which, coupled with 
the slower speed, and shorter turning radius, should offer a 
safety feature of the greatest importance.” 

H. H. Platt, who is associated with the development ot 
the Cyclogiro, said that the only point on which he could 
differ with Mr. Wheatley regards the relative value to be 
assigned to vertical or nearly-vertical take-offs. The specifica 
tions issued by the British Air Ministry for an aircraft suit 
able for transport feeder service, he said, according to his 


Stephen J. Zand 
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Arthur Nuit 


Was Chairman of the Aircraft- 
Engine Session 


recollection, call for a take-off in 600 
ft. over a hundred-toot obstacle. To 
date, he said, no one has succeeded 
in meeting this requirement, which 
seems to be at least the minimum 
take-off compatible 
with general private flying outside 
of airports. The private flyer, said Mr. Platt, will want to 
get in and out of 


performance 


spaces surrounded by wires, or 


buildings and is not likely to buy, in quantity, aircraft until 


trees, 


they have climbing angles steep enough to permit this. 


In response to a question by Prof. Peter Altman, Univer 
sity of Detroit, Mr. Wheatley stated that he had taken into 
consideration in his analysis the possibility of various types 
of high-lift wing structures, such as are available for use in 
airplanes, in making the comparisons given in his paper. 

Ralph Upson indicated that the use of a 


propeller on the rotating-wing 


variable-pitcl 
might wel! 


~ 


\ "he atley 


type of aircratt 
. | . | ’ ] 
result in a greatly improved performance and Mr 
agreed that 


this is true. 


rotating-wing craft, Mr. Wheatley indicated that it may not 


In response to a question concerning the landing speed of 


be desirable to have a zero landing speed tor the reason 
that landing in a wind might prove more difficult under 
these conditions. He also stated that, in falling, the Autogiro 


would attain a speed of 35 ft. per sec., which is too great a 


speed to be absorbed by 
Although the 
effects, photographs of landings made with the Autogiro by 
the N.A.C.A. have failed to indicate any increase 1n speed ot 


a practical form of shock absorber. 


fall may be affected to some extent by ground 


the rotating wing as it approaches the ground. 


In further discussion W. Laurence Le Page said: 
“While there 


Mr. Wheatley’s method for comparing the relative character 


may be some question as to the merits of 


istics of the several types of rotative-wing aircraft, I think he 


is to be congratulated for a most complete and thorough 
discussion of the present status of this interesting phase of 
aeronautical engineering. Mr. Wheatley’s paper undoubtedly 


represents an outstanding contribution in bringing together 
the important facts pertaining to rotative-wing aircraft and the 
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Aircraft- 


status of the development to date. 
He has stated in a very clear manner 
the high speed possibilities of which 
the Autogiro is capable. This is 
one of the outstandingly interesting 


features of the rotating-wing  sys- 


tem of this type of ship. 

“In the matter of low speed I find myself differing some- 
what from Mr. Wheatley’s expressed opinion to the effect 
that a pure vertical descent, or even a near vertical descent 
is not necessarily desirable in the Autogiro and that in preter 


ence a landing speed of 10 or 15 m.p.h. would be better in 


order to insure stability in rough air. From my own flying 


experience with the 


\utogiro, over a fairly wide 


range ol 
ying conditions, | have never experienced any insurmount 


able difhculty in maneuvering the ship to the ground at low 


peed, 


even under rough air conditions. It 


must be remem 


bered that the stability ot the 


} 
(] 


\utogiro increases as the speed 
creases, and this is a great asset, especially in the case of 


the Autogiros which we which conven 


\ he n Wwe 


shall have 


are using today, in 


tional airplane-type controls 


are employed. nave 


direct-control system, we a ship, the 


of which is entirely independent of the forward speed 


pertected the 


¢ ] 
CONLTO! 


ind this, combined with the 


inherent stability characteristics 


Ol the 


machine, should eliminate any tear ot hazard to th 


hip, coupled with landing at zero or nearly zero forward 


speed. Of course, personal hazard has long ago been relegated 


to an unimportant position insotar as \utogiro flying 1S 


concerned 


“In the event that we are better able to combine vertical 


litt with the 


\utogiro principle of flight, we shall be stil! 


ig 
vertical 
descent in rough air by reason of the fact that there will be 


at the pilot's disposal and immediately 


further in a reduce the problems otf 


position to 


available, a 
powerl’' thrust force which in itself will constitute a power 

Die 
ful res 


very 


ng force to offset any disturbance set up by a wind 
gust.” 
Discussion of the paper by Mr. Zand consisted chiefly ot 


questions and elucidation of various points raised in the 
paper itself. 


ny 
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In response to a question as to whether two or more 
engines are more satisfactory than a single engine, Mr. 
Zand explained that noise is minimized when the engine is 
not in the nose of the machine, but is placed to one side or 
in such location as to minimize the mechanical vibrations 
transmitted to the cabin. With two or more engines, there is 
a greater possibility of “beating” being set up between pro- 
pellers and thus producing added vibrations. 

Answering a question as to whether noise is decreased in 
diving as compared to normal flight at the same speed, Mr. 
Zand said that the noise is decreased during a dive, as the 
engines are then idling. 

As to the possibility of decreasing noise of aircraft as heard 
by persons on the ground, it was stated that anything which 
tends to silence the engine and propellers will naturally 
decrease such noise. Some experiments have been made 
under General Electric auspices, in the development of cer 
tain types of mufflers and in the use of super-chargers which 
may help toward quiet. 

Asked whether it might not be possible to make a plane 
too quiet for comfort, Mr. Zand replied that if too great a 
degree of quiet were attained it might become oppressive 
and result in the passengers losing the sense of motion. 

When asked whether the question of frequency is not 
of much importance, Mr. Zand explained that it is desirable 
to have a balance of frequencies as the ear is greatly disturbed 
by sharp peaks. 

Chairman Wright requested Mr. Zand to explain in terms 
of other noises what a decibel meant. To this the reply was 
that 120 decibels corresponded to the noise in an airplane 
engine-testing laboratory, 85 decibels to that often encountered 
in trafhe on the street and 4o decibels to a good office condi 
tion where steps to decrease noise have been taken. 


Four Papers Develop 
Aero- Engine Points 


K‘ JUR papers comprised the program at the aircraft 
engine session at which Arthur Nutt presided. In the 
first paper H. H. Allen, G. C. Rodgers and D. B. Brooks, of 
the Bureau of Standards, were co-authors. Presenting the 
paper, Mr. Allen described tests being conducted at the 
Sureau on the formation of ice in the carbureters of aircraft 
engines. The phenomenon of ice formation is one that had 
not previously received an extensive investigation. It was 
pointed out that ice in the induction system must depend on 
the volatility and latent heat of the fuel, mixture ratio humid 
ity, pressure, and temperature of the air, and the heat transfer 
to the carbureter trom the surroundings. To eliminate the 
cflect of heat transfer a scale model was made consisting of 
a carbureter and means for conditioning the air. Subsequently 
tests were made on a Curtiss D-12 engine in the altitude 
laboratory. Seven fuels were used in the tests, three being 
aviation natural-gasoline types. The remaining four fuels were 
commercial aviation gasolines. In the small-scale tests the 
carbureter was set full rich and the air humidity was increased 
until ice formed, readings were taken and the temperature 
increased until the ice disappeared. The procedure was re 
peated with leaner mixtures, different temperatures and 
humidities at pressures corresponding to sea level and to 
15,000 ft. From the results of these tests it was found that on 
an average ice forms with any fuels used when the venturi 
temperature is below o deg. cent. and is 4 deg. cent. below the 


dew-point temperature in the air. As a result of the tests 
Mr. Allen concluded that ice will form at the venturi tem- 
perature 4 deg. cent. below the dew-point, when this tempera- 
ture is below freezing; and venturi temperature of unheated 
carbureters can be predicted from the fuel votatility, mixture 
ratio, and air temperature and humidity; ice forming tendency 
of a fuel, while definitely related only to the EAD, can 
probably be related to an A.S.T.M. temperature near the 
50 per cent point. 

The subject of the second paper, by A. M. Rothrock, 
National Advisory Committee for Aeronautics, was the photo- 
graphic study of combustion in a compression-ignition engine. 
By means of an engine using glass windows for the sides 
ot the combustion chamber, a high-speed optical indicator, 
and a high-speed motion picture camera, the staff of the 
N.A.C.A. has been able to get simultaneous records of the 
pressure rise in the combustion chamber and of the spread of 
the flame. In addition, motion pictures have been obtained of 
the fuel spray entering the hot compressed gases and of the 
ignition points around the spray. 

Mr. Rothrock stated that as the results of these tests he had 
come to the conclusion that the ignition-lags of the conven- 
tional Diesel fuels were in some cases sufhciently short and 
that future research should be directed toward improving the 
distribution of the fuel. Following presentation of his paper, 
Mr. Rothrock showed some 15 minutes’ of motion pictures 
ot fuel sprays and combustion in the N.A.C.A. combustion 
apparatus. The pictures clearly illustrated the start of the 
burning around the core of the spray and the spread of the 
flame throughout the chamber. The movement of the incan- 
descent gases in the period of “after burning” was particularly 
interesting. The effects of injection advance angle, engine 
jacket temperature, and engine speed were shown. Mr. Roth- 
rock concluded that the course of combustion in the compres- 
sion-ignition engine was controlled by (1) the time interval 
between the introduction of the fuel into the combustion 
chamber and the start of combustion; (2) the temperatures 
and pressures persisting during this time interval; (3) the 
temperature and pressure at the start of combustion; (4) the 
distribution of the fuel at the start of combustion; and that 
any one of these four factors could exert the major influence. 
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Charles F. Marvin of the Bureau of Standards, discussing 
Mr. Rothrock’s paper, stated that Mr. Rothrock’s photographs 
appeared to show that the type of burning in detonation was 
different from the type existing in non-detonating combustion. 
He pointed out that the recent tests conducted at the General 
Motors Laboratories had also shown this to be Tests 
the that the 


detonation reached a maximum more rapidly and declined 


true. 


conducted at Bureau showed radiation with 
more rapidly than with non-detonating combustion. 

Dr. P. H. Schweitzer stated that he could not agree with 
Mr. Rothrock that the ignition-lag should only be shortened 
to that point required to prevent knocking and that he 
believed that the ignition-lag should be still further shortened 
even though it necessitated the shortening of the injection 
period. 

The third paper, by Prot. C. F. Taylor, Massachusetts 
Institute of Technology, on the new M.I.T. dp/dt indicator 
appears in full on other pages of this issue. Mr. Rothrock in 
discussing the paper stated that he believed it presented a 
very interesting instrument which should provide considerable 
assistance in obtaining comparable octane ratings of the dif 
ferent fuels. Neil MacCoull of the Texas Co. said that he had 
been working on a similar instrument and that he was very 
interested in seeing that one had been perfected. 

R. B. Beisel, Chance Vought Corp., in the final paper dis 
cussed the results of recent tests on engine cowling. He 
showed slides giving the results in cooling and drag produced 
by the different cowls. The optimum cowlings were those 
with “pressure” baffles. With these baffles the cooling of the 
engine was improved and the high speed was increased 9 
m.p.h. 

Other interesting results were obtained by placing con 
trollable flaps on the trailing edge of the cowling. The weight 
increase caused by this installation was 25 lb. However, 
two more recent designs showed weight increase of only 
14 Ib. and 16 lb. Even at an engine weight of 1.3 lb. per hp. 


the controllable flap was found to payf@ritself. 
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Mr. Beisel stated in conclusion that the ability to be able 
to regulate the engine temperature for varying weather con 
ditions is in itself worth some weight increase. Unfor 
tunately there was not sufficient time to permit the discussion 


of Mr. Beisel’s paper. 


New Technique Set 
In Body Designing 


WO papers were presented at the body session of which 
R. F. Anderson was chairman. Edgard C. De Smet pre 
sented the first paper, on “Planography—The Science of Sur 
race Design.” 


After the construction of a full-size body 


model, and its 
approval by management, said Mr. De Smet, “the reproduc 
tion and recording of the actual shape and surface of this 
approved model, while being considered obviously as plain 


copy-work by the non-initiated, presents an infinite number 
His 
orders are to copy and reproduce religiously, but his better 
knowledge and experience prohibit a policy of exact duplica 


of intricate problems to the man entrusted with the job. 


tion tor reasons most familiar to himself.” 


The tull-size model was “considered as 


a very convenient, 
blanket solution of all our surface problems, and is even now 
proclaimed by some of our least progressive contributors as 
a worthy substitute for all drafting room ‘development’ work. 
[his viewpoint is absolutely erroneous, and in direct conflict 
with the spirit of scientific advancement so 
prominently displayed in all other branches of the industry, 


he stated. 


Mr. De a great many illus 
trations in describing Planography, which he regards as a 


progress and 


Smet used several models and 


new science: “The science of surfaces, their designing and 
recording.” 

He outlined the fundamental principles and most impor 
tant factors in the method as: 


“1. Division of lines, and the theory governing the location 
of working points on the established section lines. 

2. Location of intermediate or secondary section planes, 
according to the shape of established highlight lines or 
corner lines. 

3. Differentiation between the shape and the character 
istic of a line, and the influence of location of the re- 
spective secondary planes, in relation to the established 
sections. 


Direction of lines, and its overwhelming importance in 


+o 


the successful blending of the various units, into one 
unbroken surface.” 


The method of Planography, he said, it to determine first 
the characteristic of each section plane, irrespective of size or 
direction, and after that to readjust each one to fit into the 
respective limitations of the object under consideration. 

“While Planography may be rightfully called more com 
plicated than the old-time developments, I may assure you 
that this statement does not mean additional costs or delays 
in the production schedule. On the contrary, due to the 
absolute dependability of these layouts, time and cost esti 
mates may be made far more accurately than ever before. 
There is indeed no need for the everlasting fitting and refit 
ting of templates, the constant shaping and reshaping of 
models and die forms, because we will now produce only one 
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master set of sections and templates, which may be converted 
with almost mathematical precision into scientifically cor- 
rected surfaces.” 





W. G. Haarz, Jr., of the Graham-Paige Motors Corp., was 
unable to present his paper on “Beauty Sells Cars in 1934.” 
C. J. Cloutier, chief body engineer of the Graham-Paige 
Motors Corp., presented a short paper in his absence. This 
paper divided beauty features into three groups: exterior, 
interior and color. The exterior view gives one the first im 
pression of a car. We used to think that a long wheel base 
was necessary for exterior beauty, said Mr. Cloutier. 


no longer considered essential. 


This is 
Pleasing lines are the result 
ot balance and harmony. Distinction comes trom body mold 
ings, fender designs and other such details. 

Mr. Cloutier emphasized the need of cooperation between 
the body and chassis engineers to obtain a harmonious and 
pleasing design. Emphasis was placed on the need for seat- 
ing comtort, proper location of instruments and other details 
which, together, make a harmonious and pleasing design. 
in the design of the interior, more attention must be given to 
the hardware and to having wider and deeper cushions, arm 
rests and other comtort factors. The interior is particularly 


Mr. 


Cloutier also pointed out that in the choice of a color, atten 


important in obtaining a pleasing feminine eye appeal. 


tion must be paid to selecting a color suitable to a particular 
car. The wrong selection may make the car look ridiculously 
short or otherwise out of proportion. 

E. V. Rippingille, General Motors Corp., pointed out that 
Mr. De Smet’s paper lays claim to no other objective than 
the advancement of body layout technique and was sure its 
merits would be recognized. He pointed out further that it 
may be difficult to appreciate that there should be anything 
other than streamlining, so called, at this precise moment and 
any contributions calculated to expedite the approaching panic 
of 1935 body styling should be welcomed by the industry. 

In setting up what is virtually a text book in body dratting, 
Mr. De Smet may well prepare for a call for a second text 
book—this to be 


complete vehicle. 


a treatise upon the Planography of the 
He further suggested that expert applica 
tions of some of the fundamental principles exhibited by Mr. 
De Smet would be constructive. 

By starting with the utility factors essential to a critical 
public, the covering up of the mechanism so as to present a 
harmonious style result calls for more of the planography 
technique than has been exemplified in present styles. 

“If it be possible to add to this technique the means for 


E. C. De Smet 


Explained Planography 
at the Body Session 
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Resolution 


The Council of the Society asks that attention be 
called to the following resolution adopted at its regular 
meeting on January 7 after a conference in which 
the members of both the 1933 and 1934 Councils 
participated. 


Whereas the Society of Automotive Engi- 
neers has from its beginning prospered and 
operated harmoniously on the principle that 
the office should seek the man, rather than 
the man seek the office, and that neither 
nominations nor elections should ever be in- 
fluenced by commercial pressure, and 


Whereas this is the accepted practice in 
all professional societies of real standing, 
therefore 


Be it resolved that this Council strongly 
disapproves of a member’s campaigning or 
promoting his own candidacy for an office 
in this Society, and further disapproves of 
any campaigning or political activity not in 
accordance with the spirit of the above 
principle. 





analyzing skin stresses so that the composite whole may 
serve as a structure as well as a style, much will have been 
accomplished. 


I would, therefore, like to emphasize the 
scope of the technique described by Mr. De Smet and com 
mend it to your serious consideration,” he said. 

E. Glass pointed out that the present cut-and-try method 
of getting an accurate shape of the various sections to obtain 
templates, can be abandoned for a more exact system. The 
resulting economy following the De Smet method ought to 
attract the attention of executives in the automotive indus 
tries, particularly in the body line. 

Blueprints of Mr. Haarz’s paper were available to the 
session. A brief abstract of the paper follows. 

“I anticipate that green will be exceedingly popular with 
1934 car buyers”, said Mr. Haarz. “Already activity in this 
hue is indicated in the color trend chart of the Automobile 
Color Index.” 

Mr. Haarz pointed out how five or six years ago many cars 
had the upper structure painted in dark or “heavy” colors in 
the belief that this gave an appearance of lowness to the car. 
Study of the color problem in the arts showed that such prac- 
tice gave an effect opposite to that desired. Car colors, to 
give an appearance of strength and proper definition should 
ascend from dark colors at the bottom to lighter shades at 
the top. 

The importance of recently-undertaken color standardiza- 
tion work was emphasized and indorsed by Mr. Haarz. 

From the merchandizing standpoint, he said, after the car 
factory has turned out a good color job, the public should be 
educated to take proper care of the finish. Many people com- 
plain of the paint jobs on new cars, where the difficulty is 
usually a result of neglect or improper care. 
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Debate Is Stirred 


at Noise Symposium 


XCEPTIONAL attached to the 
Noise Symposium session at which B. J. Lemon presided. 
A demonstration in which the actual noise produced by tres 
was reproduced by an amplifying system from records taken 
in the laboratory, was conducted by A. W. Bull, U. S. Tire 
Co., whose paper on “Tire Noise” was the first on the pro 
gram. This followed by the paper of E. G. Gunn, 
Walker Manufacturing Co., on “Muffler Noise”, and later 
by one entitled “Noise Treatment in the Automobile” by T. 
M. Prudden of Pacific Mills. 
Following the papers there was an unusual series of dis 


and sustained interest 


was 


cussions, nearly all of which were well prepared and pre 
sented from manuscripts. One of the high spots of the ses 
sion was the discussion by R. S. Norris, which was punctu 
ated by numerous side remarks of a humorous nature, that 
were greatly appreciated by the audience. 

Opening the session, Chairman Lemon pointed out that 
the abatement of noise is important in trucks as well as in 
automobiles. He stated that he knew of one case in which 
a large order for trucks was lost because of the noise de 
veloped by one make when running in second gear. As 
the trucks were to be in milk delivery, in early morning ser 
vice, it was felt that the noise would be highly objectionable 
to customers of the milk company. 

Tire noise is objectionable, said Mr. Bull, not only because 
noise in itself is disagreeable, but also because the car owner 
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Noise-Engines-Springing 


at Car Sessions 


quite often mistakes tire noise for timing-chain noise, or 
other mechanical noise, and demands readjustment of these 
parts when there is nothing wrong with the car. 

A moving tire, under normal conditions, he explained, can 
produce noise in a number of ways, each of which may pro 
duce a different type of noise. The types of noise he classi 
fied as follows: 


(1) There are sounds of definite frequency which may 


This type of sound, is characterized 
by well-defined pitch, which rises as the speed is increased. 


be described as notes. 


it originates trom impacts at very short but regular intervals 
ot similar portions of the tread design against the road. A 
similar noise of much lower intensity can be caused by wind 
interference with the regularly spaced design units. If the 
impacts occur at irregular intervals, the sound is best described 
as noise, since a mixture of frequencies is involved. Examples 
illustrating these and other points will be described later in 
this paper. 


(2) There are other noises of irregular and usually low 
frequency, which apparently are not due to impacts, but to 
a trapping of air in certain portions of the design. 


usually give a noise which can be described as 
or flutter. 


These 
a low buzz 
(3) There are noises due to special types ol road surtaces. 
All tires produce noise on brick pavements due to the rapidly 
recurring impacts of the successive bricks. Another special 
source of noise is in the raised expansion joints on concrete 
roads. They produce a noise which sounds like rapid pro 


nunciation of the words “flip-flop” as the car passes over each 
joint. Gravel roads produce a drumming noise on all tires 
practically independent of design. 

Occasionally, stones are picked up on gravel roads and 
they may be retained in the grooves of the tire tread for some 
time after the car is back on paved road, producing a definite 


noise when they come into contact with the road at 
revolution. 


each 
This is likely to worry a motorist who encount 
ers it for the first time since the noise occurs at each revolu 
tion of the wheel. 


(4) There are sounds of either definite or indefinite pitch, 
which originate from movement of the tread while in contact 


with the road surface. In straight-away driving on hard 


roads, these are usually negligible, except with large, low 
pressure tires. On soft asphalt, they become quite notice 


able with many tires. 


Movement of the tread in contact with the road is also the 
source of the howling or squealing noise produced on turns 
at relatively high speed. In this case, the whole tread is 
trying to resist a lateral skid, and lateral slippage of part or 
all of the tread design occurs when the centrifugal force ex 
ceeds a critical value. 


Apparatus used for reproducing and recording tire noise 
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produced by various conditions was described. It consists 
fundamentally of a rotating steel wheel whose perimeter pro- 
vides a tractive surface against which the tire to be tested 
can be held. 

“The wheel is 67.23 in. in diameter, equivalent to 300 
revolutions per mile, and it can be driven at any peripheral 
speed up to 125 m.p.h. The tire is held against the wheel by 
a definite dead-weight load but it can be lifted off the wheel 
at any time by a pneumatic piston. A high grade condense1 
microphone suitably shielded against wind noises, is placed 
close to the point of contact between the wheel and the tire. 
The sounds picked up by the microphone are recorded on 
aluminum records which can be replayed indefinitely and 
amplified as desired. The room in which the tests are made 
is quite free from extraneous noise.” 

Aluminum records demonstrating each type of noise were 
played in connection with slides showing how the test ap- 
paratus was set up to reproduce the noise in question. 

The last type of noise discussed by Mr. Bull was the 
howling or squealing noise on turns. This noise problem has 
become much more serious, he said, as inflation pressures have 
been reduced, because the large section, low-pressure tires 
have a lower stability against side thrusts. When a car is 
driven around a curve, centrifugal force tends to produce 
lateral skidding of the car which is resisted by the tires. When 
the centrifugal force becomes sufficiently high, lateral slip 
page of part, or all, of the tread design occurs with the gen- 
eration of noise. 


Muffler Noise 


After describing the development of an optical magnifica- 
tion manometer to make polar diagrams of the pressure waves 
in an exhaust system, Mr. Gunn said: 

“Apparently, the first note that we have to contend with 
in an exhaust system, is the fundamental (and overtones) ot 
the exhaust pipe itself. In many cases observed the lower 
critical period of exhaust notes on cars always occurs when 
the number of explosions per second agrees with the funda- 
mental note of the exhaust pipe. The fundamental of most 
exhaust pipes is of the order of 60 per sec., while the note 
coming from the tail pipe is usually much higher and is 
composed of many frequencies.” 

Noise elimination as applied to mufflers, he said, can be 
roughly classified as being accomplished in two ways. 


1. Sound wave absorption. 


2. Sound wave cancellation (interference ) 


“(1) Mufflers which depend on sound absorption convert 
sound energy into heat. This can be done by the use of 
Helmholtz resonators, sound absorbing chambers such as 
Stewart filters, by friction of the waves passing through small 
holes in the through tube to the surrounding chamber, or 
by the use of porous material which absorbs sound by fric- 
tion of the waves passing through. 

“(2) Mufflers which depend on wave interference are of 
three general types: 

(a) Ones which incorporate Quincke tuners, i. e., a closed- 
end tube of a length equal to one quarter the wave length 
of the wave to be cancelled. The wave enters the tube, is 
reflected from the far end, and returns out of phase to com- 
pletely or partially cancel. 

(b) Ones which incorporate Herschell tubes, i. e., a divided 
path for the sound waves, one path being one half of the wave 
length to be cancelled longer than the short path. The 
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waves, on re-uniting one halt wave length out of phase, 
cancel. 

(c) Ones in which the gas travels through perforated 
pipes, alternately from one end of the muffler to the other. 
These are usually made with three pipes, the gas first fowing 
from the front to the rear through one pipe, then through 
another pipe to the front, and then to the rear and into the 
tail pipe. At any transverse section of the muffler a wave in 
one pipe is out of phase with the wave in another pipe, can 
short circuit across the surrounding chamber and cancel. 

“There seems to be a great difference in tail pipe sound 
between muffler tubes having various kinds of holes. 

“There is a wide difference of opinion as to what is a 
proper back pressure. Top-speed back pressures have been 
observed as low as 4 in. of mercury and as high as 15. There 
are probably some cars above and below these figures. Al- 
though lowered back pressures show increased horsepower 
on the dynamometer, lowering much below 6 in. shows little 
difference in speed on the road. Where back pressure begins 
to affect valve life, and to what extent, apparently has not 
been accurately determined as yet. 

“It might be observed here that mercury columns do not 
tell the whole story in regard to back pressures. Many cases 
have been observed in which a change involving an increase 
in back pressure has resulted in an increase in power. This 
is due to the fact that the wave form is such that the pressure 
is lowered at upper dead center. This is a field in which 
little work has been done. 

“So-called ‘shell-noise’, probably originates at the exhaust 
valve and is caused by the action of the exhaust gas travel- 
ing at high velocity through the partly opened valve. This 
high pitch noise causes a vibration of the whole exhaust sys- 
tem and can be heard with a stethoscope as coming through 
the walls of exhaust pipe, muffler shell and heads, and some 
through the walls of the tail pipe. 

“Overhead valve engines are considered the worst offend- 
ers, but sometimes a muffler which has no objectionable shell 
noise on one overhead valve engine, will have a pronounced 
shell noise when used with another overhead valve engine. 

“Obviously, the ideal condition would be to prevent this 
noise by shaping the valves and seats so that the released 
pressure traveling at high velocity through the small opening 
would not cause a vibration. Experiments carried out along 
this line have, so far, done little. The next best thing then, 
would be, to silence this noise before it gets into the exhaust 
pipe. 
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Sound absorption is more important than sound insulation 
because it is possible to quiet a car it enough absorption alone 
is used, but insulation alone can never do it, when the win 
dows are open, Mr. Prudden pointed out. 

“The results from adequate use of acoustic quiet are not 
always what one would expect. Of course, there is primarily 
the reduction in noise, but after an hour’s ride in a quieted 
car, the memory of the previous noisiness is often lost. A more 
tangible asset is that a quieted car can be driven more miles 
in a day without fatigue . . . noise reduction tends to reduce 
the feeling of vibration, even though the vibration itself has 
not been removed.” 

Mr. Prudden’s paper covered the whole field of noise treat 
ment within the car body, from an acoustical standpoint. He 
indicated that the shroud and dash are the noisiest places in 
most cars, and showed that there were some cases where in 
sulation material was expected to do a job better fitted to 
sound-absorbing material. 

Under the heading “What Results to Expect”, Mr. Prudden 
said that a reduction of 5 decibels in the noise level is usually 
noticeable, but that it is possible to obtain a reduction of from 
8 to 10 decibels in the noise level of a car through the use 
of materials which are both sound insulators and sound ab 
sorbers of sufficient efficiency. 

Some of the practical details of installation were explained, 
such as where acoustic materials could be used to the greatest 
advantage, and what physical properties are necessary to any 
sound-treating material for an automobile. 
and the 
rarely pays to go. 


Cost was dis 


cussed economic limit indicated beyond which it 


The public is becoming increasingly noise-conscious, he 


said, and predicted that: “the installation of acoustic quiet 


will eventually become standard equipment in the automobile 
world.” 


Noise Details 


Analyzed 


Commander W. 
Briggs and L. M. Fox of General Motors Proving Grounds. 
Presenting it, Mr. Fox said in part: 


The first discussion was prepared by 


“We wish to congratulate the tire manufacturers on the 
good work done in recent months and urge them to further 
efforts in finding a complete solution to this problem while 
retaining the present standard of tire-road adhesion both for 
forward and lateral action. 

“There remain these general wind noises which with a con 
ventional car are, at high speed, and particularly with some 
cross winds, of an intensity which is irritating and fatiguing 
and which makes conversation difficult if not impossible. 

“Noise waves hardly ever exist in a pure form as the means 
of formation practically always leads to the simultaneous 
formation of other waves having a frequency in simple multi 
ples of the fundamental note, called harmonics. 

“Almost any part of the front of a car is subjected to 
irregular blows as the puffs of air from eddies strike the 


front. Many windshields give out a definite noise from this 
cause. Arms and blades of windshield wipers vibrate like 
strings. License plates, ventilation louvers vibrate like reeds. 


Some ornaments and hinges, are similar in action to a flute 
or organ pipe and in any case where the direction of motion 
of the air is violently changed, as when it blows round a 
sharp corner internal and external violent and rapid eddies 
are formed which give rise to noise. 

“These noises are primarily outside the car and if it were 
hermetically sealed would not be heard directly inside; but 
the vibrations of the air are also picked up by anything in 
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contact, hence such noises may be transmitted through win 
dow panes, body panels and any other piece capable of vibra 
tion and re-transmitted to the passenger’s car. 

‘T. M. Prudden of Pacific Mills has shown how such 
noises may be reduced in intensity by insulation and absorb- 
tion. Intensity of sound varies as the square of amplitude 
and frequency. To express it by a formula, representing in 
tensity by I, amplitude by A, and frequency by N, we have: 


| = N2A? 


“It is thus apparent why the intensity of sounds increases 
so rapidly at higher driving speeds. Also it is apparent that 
improvement may be made equally effective by reducing 
either the pitch or amplitude of a sound. 

“In the construction of the car body, the materials used are 
important factors affecting both the amplitude and the pitch 
of the sounds produced or transmitted from other parts. The 
Hexible construction and fabric covering still used in some 
foreign cars produce a body both creating and transmitting 
less sound than one constructed in the main of 
bers. The difference in the 


steel mem 
transmitted 
when steel or wood sills are 


used has been measured and is easily noticeable. 


amount of sound 


from the chassis to the body 


“In the highest class of body construction, where safety is 
paramount, little material than steel is used. It is 


therefore necessary that all parts be rigidly fixed so there are 


no members with loose sides or ends and that those parts 
which must be 


other 


doors and windows are 


Often when the usual pre 


cautions have been taken some of the larger panels will vi 
brate 


movable such as 


cushioned in elastic material. 


at frequencies causing a drumming which is very an 
noying. 


“In a car body there are of necessity many small parts most 


These have natural 
periods which often are of high frequency and extremely 
innoying to the passenger. 


ot them more or less rigidly attached. 


Examples of such parts are panels 
not rigidly attached on all sides, door and window glass, 
brake and gear-shift levers, and catch on parking brake lever, 
door hinges, sundry control buttons, rods and gadgets on and 
back of the dash. 

“To reduce the noise in a car body it is of primary im 
portance to reduce as far as possible all direct leakage of air 
at controls such as the clutch and brake pedal, the gear 
shift lever and around cables. 

E. E. Wilson, General Motors Research Laboratory, pre 
sented the following discussion prepared jointly with J. O. 
Almen of the same organization: 

After reviewing the increased importance of silence engi 
neering in present-day automobiles, the authors analyzed an 
intake-noise problem. . 

“As a result of preliminary study of intake noise”, they 
said, “it was determined that the so-called ‘power roar’, 
which was objectionable in certain types of automobiles, was 
a resonance condition in the intake system, having a fre 
quency on the order of 100-150 cycles per sec., it was thought 
desirable to eliminate the noise at the source, if possible. An 
extensive laboratory investigation was conducted in an effort 
to determine the source of the disturbing intake sounds. 
It was noted that the intake noise was a maximum within 
relatively narrow engine speed range at wide open throttle 
and that the dominant note or pitch was unaltered whether 
the engine was running under its own power, whether it 
was motored on the dynamometer or being towed on the road. 
It was found that the dominant note persisted even though 
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E. G. Gunn 


Talked on Muffler Problems at 


the Noise Symposium 


the carburetor and manitold were entirely removed. The 
source of the primary sound was, therefore, within the en 
gine block, and apparently was resonance between firing fre 
quency and cylinder frequency and was independent of the 
manitold. 

“Further investigation showed that the dominant note 
could be obtained with the engine stationary by blowing a 
jet of air over the intake port while the intake valves were 
open, thus indicating that the noise originated in the reso- 
nance chamber formed by the cylinder and valve which was 
excited by the flow of air through the valve at the time of 
initial valve opening. It should be noted that the frequency 
ot this combination of valve opening and cylinder volume is 
not greatly changed with piston position because of the 
coincident change in valve opening. As is well known, a 
similar effect can be produced by blowing over the neck of 
a bottle, which will produce a tone dependent upon the 
volume of the bottle and the characteristics of the bottle neck. 

“The wide range of frequency in the intake system may be 
accounted for by the fact that the notes produced by the 
cylinder are amplified when approaching resonance with the 
frequency of the intake pulsations and that the cylinder fre- 
quency in itself will vary over a narrow range depending on 
valve opening and the position of the piston in the cylinder. 
The function of the cylinder in producing intake noise like- 
wise accounts for the effect of valve timing on intake noise 
characteristics. 

“In addition to the particular tone produced by the cylin- 
der, there was considerable influence of the intake manifold 
on the type of noise produced and its intensity. Likewise, 
some higher pitched noises, above 200 cycles per sec., were 
amplified by the manifolds to a considerable degree. 

“After the noise sources in the intake system had been 
determined, it became apparent that the elimination of the 
source of the noise was impractical. It remained to develop 
a satisfactory type of silencer to be added to the conventional 
type of carburetor and manifold. 

“The Helmholtz or resonance chamber type of silencer 
seemed to offer the best possibilities. This type of resonator 
was chosen because its performance depended on volume 
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rather than length, it could be made more compact and be 
adapted to fit in the space allowable with much less con- 
structional difficulties, it had a somewhat broader silencing 
band than the Quincke type but still the range of frequencies 
covered by a single Helmholtz chamber was not sufficiently 
broad. 

“Furthermore, it was noted that in addition to the intake 
noise period occurring in the speed range, say, from 35 to 
45 m.p.h., an additional intake period was found to come in 
at another higher speed range with still other frequency 
characteristics. This required that at least two chambers 
would be necessary and perhaps more if the silencing range 
was to be sufficiently broad. 

“To meet these requirements, the compound or series type 
silencer, consisting of two chambers in series off the main 
sound channel, was worked out. It was found that for the 
same overall size of silencer, two ranges of frequencies could 
be covered with about the same silencing effectiveness as a 
single chamber covering only one of the frequency ranges.” 

Engine as a Sound Source 

A part of the discussion presented by R. F. Norris, C. F. 
Burgess Laboratories, follows: 

“When we consider the automobile engine as a power 
producing device, we find that it is still a rather efficient 
energy producing machine, yet as an acoustic generator, 
it is fortunately particularly inefficient. The sound output of 
an engine as compared to its power output is negligible, but 
unfortunately, the extremely small amount of power, when 
converted to sound, is about as much as the human ear can 
stand without causing the listener pain rather than the sen 
sation of sound. 

“Probably the largest proportion of noise generated by the 
engine is produced by the exhaust. In the exhaust lines of 
most cars there are certain frequencies which are transmitted 
to the car more efficiently than others. The reason for this 
is found in the physical dimensions of the exhaust line, which 
is a long tube open at one end. Gases are admitted into one 
end by the valves at stated intervals, the frequency depending 
on the engine speed. The system is like an organ pipe and 
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when the speed of the engine is such that the trequency of 
the valve openings corresponds with that of the fundamental 
or some harmonic of the system, the system will be driven 
the hardest and will couple a maximum amount of energy 
to the air. 

“It is unfortunately necessary to use a rather long exhaust 
pipe, since the length of this pipe is approximately one-hall 
wave length, the fundamental frequency is very low, cons« 
quently the number of harmonics in the upper ranges 1s very 


With a 1o ft. ex 


haust line, the fundamental period 1s roughly 60 cycles pet 


great and they are fairly close together. 


sec. Since it is an open system harmonics occut every 600 


With a 5 ft. 


exhaust line, the fundamental frequency is 120 cycles and 


cycles or at 60, 120, 180, 240, 300, 360, etc. 
the harmonics are 120, 240, 360, 480, 600, 720 or only one 
half as frequent as before. The chances tor optimum drive 
are only one-half as frequent. Fortunately, these systems are 
poor acoustically and only some of the harmonics are driven 
with an appreciable amplitude and only those which couple 
into natural periods in the body become very troublesome in 
the car itself. Since the natural period of a closed car body 
usually lies in the range between 60 and 120 cycles, a short 
exhaust system will eliminate much of the rumble encountered 
in such a body. 

“Another source of noise in the engine is that generated 
at the intake pipe. This noise is caused by the interruption 
of the stream of air flowing into the carbureter by the closing 
of the inlet valves. The manifold and carbureter act as an 
organ pipe and respond to certain frequencies which are its 
fundamental Since the 


straight-forward and has more wide branches than the ex 


and harmonics. system is not so 
haust system has, it responds to some harmonics very much 
more readily than it does to others. When the speed of the 
engine becomes such that the inlet system is driven at a 
frequency to which it readily responds, a very loud annoying 
roar is created which can be heard throughout the entire car. 
This ‘power roar’ indicates resonance between the speed ot 
the engine and the acoustic tuning of the intake system 
This roar can be eliminated by putting an intake silencer on 
the inlet pipe just above the carbureter. This is a tuning 
device which effectively detunes the whole system at that 
particular frequency. If enough tuning members are added 
to detune the three or four bad frequencies in the intake 
manifold, the engine will be sufficiently silenced. 
Supposing an automobile engine makes a noise of 110 
decibels, and assuming that one-third of this noise comes 
from the exhaust, one-third from the intake and the other 
one-third that 
one-third of the 110 decibels comes from each source. One- 


third of the energy comes from each source and each source 
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from chassis vibration, etc., we cannot say 
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would generate a sound with an intensity of 105.2 decibels. 
To quiet the machine efficiently all three sources must be 
treated as equally important. 

In discussing Dr. Bull’s paper, R. D. Evans, Goodyear Tire 
& Rubber Co., said in part: 

“Accepting the writer’s classification of several types ot 
tire noise, we may emphasize several points in connection 
with them as follows: 

“Type 1. Tread design noise, or hum, involves not only 
the characteristics of the tire itself, but also the resonance 
or sounding-board properties of the chassis and body struc 
ture. Laboratory tests or instrumentation are only slightly 
useful in evaluating this type of tire action. The problem 
which presents itself here is that of reducing the amount ot 
regular vibration which arises from the tread design, and 
is transmitted to and amplified selectively by the body, with 
out sacrificing the desirable non-skid properties of the tread 

“Type 3. Road noise, due either to regular or irregular 
unevennesses as represented by bricks and gravel respectively 
is probably the worst offender against quiet operation of 


modern automobile. Also, as 1 


It is present with all tires. 
the case of tread design hum, its volume and “disagreeable 
ess” are very largely determined by the chassis and body 
construction and the extent to which they may have been 
silenced or deadened. There are, certain features of the tire 
itself which may to a certain degree modify this noise. It 
is a case, however, in which a 10 or 20 per cent reduction in 


the NOISE 


volume would not be 


worth while. Only if it 
possible to reduce it to one-fifth or one-tenth of its 


ordinary value would the result be considered satisfactory. 


were 


Up to this time, none of us in the tire industry has succeeded 
in accomplishing any such degree of improvement. 

“Type 4. Tire ‘squeal’ or ‘howl’ when turns are taken at 
speed has been a matter of particular concern during the past 
year in connection with new types of front-end springing. It 
has been found possible to suppress this squeal by certain 
modifications of tread design. To date, however, these changes 
have all been of such a character as to reduce considerably 
the non-skid properties of the Whether the future 
will show us how to eliminate this cornering squeal without 


tread. 


losing non-skid effectiveness on wet roads, it is not now 
possible to say. Furthermore, the squeal itself is a valuable 
danger signal indicating that lateral skidding is incipient 
or actually in progress. | 

“We have recently conducted a long series of cornering 
tests on the extensive and perfectly flat concrete floor of the 
Goodyear Zeppelin Dock in Akron, in which cars were driven 
at various speeds, with various distributions of car load, on 
various tires with wide ranges of inflation pressure, and with 
Various settings of the steering angle. These tests have shown 
that squeal develops as lateral slippage of the rolling tire is 
beginning to be an important factor in determining the fu 
ture path of the vehicle. 

“We will all agree that quietness in the operation of a 
motor car is eminently to be desired, and that noisiness of 
whatever type or degree is objectionable. We believe, how 


that traces ol i 


removal of the last sound 
caused by tires can be obtained only by giving up too much 


ever, when the 
of their non-skid effectiveness on wet roads, this is too high 
a price to pay, and in the long run is not in the best interests 
of the automobile-using public.” 

Further discussion of Dr. Bull’s paper brought out the fol 
lowing among the points made by H. F. Schippel, B. F. 
Goodrich Rubber Co.: 

“The B. F. Goodrich Co. has used a Burgess Acoustimetet 
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for measurement of tire noise since 1931. While it is true 
that Acoustimeter results must be properly interpreted, the 
method has advantages which phonographic reproduction 
does not possess. In comparing the Acoustimeter measure- 
ments to phonographic reproductions, I think a good analogy 
is the comparison of a sheet of music to a phonographic record 
of the music. 

“Generally speaking, our experience is in accord with the 
substance of Dr. Bull’s paper, but there are a few points on 
which we do not exactly agree. 

“We believe that the impact of the tire tread on the road is 
responsible for most of the noise generated by a tire except 
possibly where vacuum cups are formed in the design pattern. 

“There has been some thought among tire and automotive 
engineers that some tire noise was caused by the tire func 
tioning as a drum. Those advancing this theory felt that if 
some sound absorbing material were placed inside the inner 
tube the result would be a much quieter running tire. We 
have made tests using inner tubes lined with soft sponge 
ubber and with cotton batting. The use of these materials 
jade no change in the amount of noise produced by the 
ires. 

“We have also experimented with a cushion wheel in which 
there was no metal to metal contact between the rim and 
the hub. On this wheel the rim was supported by discs 
of rubber in shear between steel plates. We felt that the 
use of such a wheel would stop the transmission of noise 
through the axle and frame into the body of the car. This 
wheel made very little difference in the volume of noise 
in the car.” 

Schuyler Hazard, Jr., Seaman Paper Co., discussing reduc 
tion of noise in a car, indicated that it can be accomplished 
by three forms of treatment: isolation, absorption and damp 
ing. He said further, 

“Isolation would be very effective in preventing tire noise, 
motor noises, and road shock from entering the body, but to 
carry this treatment to maximum effect would necessitate 
radical changes in construction. Two key points, however, 
can be attacked for isolation of sound with good effect. The 
dash should be treated with a high grade insulating material, 
and a sufhciency of it. Particular attention should be paid to 
the cutting of apertures, and study should be given to the 
layout, cutting and application of the unit to obtain maximum 
results. The floor is another path of entry for noise and 
should be treated with material of high insulative value as 
well as absorbing material. 

“While the primary sources of noise are, of course, the 
engine and muffler, secondary sources are also present in the 
torm ot large panels, principally in the dash, doors, and rear 
compartment. By damping these panels, the noise created 
by these secondary sources can be reduced to the level where 
the noise generated by the body of the car is comparable 
with that from the primary sources. This is as much im 
provement as can be expected from body treatment. 

\. S. Albinaik, discussing Mr. Prudden’s paper, stated that 
Cadillac engineers have done considerable research work with 
Mr. Prudden along the lines of noise reduction, and are in 
accord with most of what he has said. A portion of further 
discussion by Mr. Albinaik follows: 

“The double factor of pitch and loudness which affects 
one’s reaction to noise, is one of the greatest obstacles in de 
termining the advantages of noise reduction. Two different 
automobiles may be treated to reduce their noise level ex- 
actly ten decibels in each, but if the reduced noises in one 
car are of low pitch the remaining higher-pitched noises are 


E. E. Wilson 


Was Co-Author of a Pre- 
pared Discussion at the 
Noise Symposium 





more evident. If in the other car the high-pitched noises are 
reduced so that the remaining low-pitched noises are more 
evident, then the car having the more high-pitched and 
more objectionable noises remaining, will seem to be quieted 
less than the other. It is true that the same acoustic material 
applied in each of these cars might act to absorb the different 
pitches with the same efficiency in both cases, but the ap- 
parent variation of result is due to the difference in amounts 
of high- or low-pitched noises originally in each car. In one 
car much of the noise may be caused by high-pitched wind 
whistles or tire noises, while the other may suffer from low 
pitched rumbles from metal panels or engine noises. 

Amos E. Northup, Murray Corp. of America, submitted 
a written discussion by Mr. Prudden’s paper in which he 
said in part: 

“We must all agree that the public is noise-conscious. My 
present car I have been driving less than a year. When | 
have stopped to think whether or not it is noisy, I have felt 
that with the present-day development of mechanical quiet, 
it is a pretty quiet car. A few days ago Mr. Prudden had 
some of the acoustic material which he has developed put 
underneath the floor carpet, front and back, also dash. My 
first ride was a revelation. I still marvel at it; but in a week's 
time, | presume I will accept it without further thought. 

“If we add the sound absorber in the car after the purchaser 
has driven it for some time, he is fully aware of its comfort 
qualities. But in a new car every prospective purchase: 
tests, mechanisms are much quieter than in his old car and 
he expects it to be quieter. We believe the additional noise 
insulation and absorption will give the impression of its full 
worth, but not as a unit in itself. It will be worth its full 
value in the effect of quiet in the entire ensemble of motor, 
chassis and body, but the purchaser will not be aware of it. 

“We car designers and manufacturers know for ourselves 
that added expense is warranted for added comfort, but this 
will be lost if the purchaser does not derive added pride 
of ownership and if he is not aware of the added comfort.” 

Referring to Mr. Gunn’s paper, Ferdinand Jehle said that 
the diagrams would be much more useful if some scale of 
noise were added, as it was not evident how the curves giver 
were to be interpreted. 

F. C. Mock pointed out that the noise issuing from an 
engine cylinder can be a single impulse and that the exhaust 
pipe adds elastic reverberations. He stated that it is possible 
to convert the noise energy of the exhaust into velocity and 
dissipate it in this manner. 

S. J. Zand, referring to indicators used in securing records 
of sound waves, said that best results are secured by the use 
of an oscillograph, as it is free from inertia effects. 

Prof. E. J. Abbott of the University of Michigan briefly out- 
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lined certain research work which he had done in an attempt 
to correlate the loudness of certain noises as determined by the 
ear and that measured by the use of instruments. Although 
he found some ear results that did not check those 
obtained by instrumentation, the average relative values ob 
tained by a group of individuals who merely listened to cer- 
tain sounds and arranged them in order of loudness gave 
much the same order of loudness as the instruments recorded. 

J. S. Parkinson, Johns-Manville Corp., said that it is pos 
sible to provide noise-absorbing material that will absorb 
sounds of most frequencies, providing it is known in advance 


with 


which frequencies are present in the noise that is to be 


absorbed. 


Design and Service 
Vie at Engine Session 


- HE engine session under the chairmanship of Alex Taub, 

had a capacity audience and heard four papers as follows: 
“Practical Design Consideration of the Internal Combustion 
Engine Structure” by E. R. Jacoby, Continental Motors Corp.; 
“Performance Limits of the Four-Cycle Engine” by R. N. 
Janeway and L. R. Baker, Chrysler Corp.; “The Economy 
Fallacy” by E. H. Shepard, Chevrolet Motor Co.; “Engine 
Design from Wear and Maintenance Viewpoint” by J. B 
Fisher, Waukesha Motor Co. 


Jacoby Discusses Design 


Pointing out that engine design has been developed to a 
point where increase in size is secondary and higher specific 
output of paramount importance when additional power is 
required, Mr. Jacoby discussed engine design from the stand 
point of use of greater pressure and temperature differences 
and the frequency of their application. 

Tabulations were presented from which he drew the con 
clusion that the constant increase in compression ratios has 
been very beneficial to engine output and efficiency, as well 
as in reduction in waste heat to jacket water, exhaust and 
radiation. 

Cylinder bores, he said, due to the high internal fluid pres 
sures and piston side thrusts must have their walls increased 
in thickness. The strength of the top contact wall is impor 
tant, as it must provide a suitable anchorage for the cylinder 
head stud bosses, which should not be tied to the cylinder 
wall, if distortion and resulting leakage and ring scuffing at 
these high mean pressures are to be avoided. Recognizing a 
divergence of opinion about cylinder casting material, Mr. 
Jacoby recommended, as the safest course, choosing material 
“with good structure and the best possible physical specifica 
tions consistent with good casting and machining qualities.” 

The bottom contact wall and combustion chambers must 
also be increased in thickness or a very thorough job of rib 
bing done on the jacket side of these surfaces, he said, be 
cause cylinder heads are being subjected to higher pressures. 
“Scrubbing” of the surfaces by the incoming water, particular 
ly at the spark plug boss and over, the combustion chamber, 
must be carefully considered in designing the jacketing of 
the head. 

Higher speeds and higher pressures call for increased care 
in crankshaft design, Mr. Jacoby said, going on to point 
out detailed considerations in design of this important part. 
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“In general,” he stated, “deflections must be decreased in 
amplitude as the frequency of the deflections increases, if 
the same hours of fatigue life are to be expected of crankshafts. 
Shaft hardness and strength of the bearing lining material 
at Operating temperature must also be improved to withstand 
satisfactorily the higher temperatures, pressures and speeds.” 

Discussing connecting rod design, Mr. Jacoby mentioned 
the fact that “a good plan would appear to be to make the 
blade equally stiff about both axes and then add the amount 
necessary to overcome this ‘whipping’ force in the plane at 
right angles to the pin. The whipping force will have to be 
reckoned with, since it becomes appreciable at the higher 
speeds.” 

The most important item in the piston structure probably 
is the ribbing, Mr. Jacoby said. “Whether the material used 
is aluminum or iron, it is important that the ribs be equally 
spaced about the circumference if used at all, particularly so if 
there is any appreciable heat flow through the rib. In the 
smaller diameter piston, it is probably better to use heavy 
heads, walls and good material and avoid the use of ribs 
entirely, just as a safety measure from the standpoint of ring 
groove and wall distortion due to heat flow.” 

Speaking of valve spring retaining means, Mr. Jacoby ex 
pressed the belief that “we will undoubtedly be forced to 
eliminate the pin and horseshoe types of locks and adopt the 
more positive double-grooved aircraft type.” 


Fisher Analyzes Engine Wear 


Mr. Fisher’s paper divided engine wear into two broad 
classes—wear due to design features and wear arising from 
operating conditions imposed by the owner either willfully 
or through lack of proper instructions and information on 
the operation of his car. 

Mr. Fisher felt that the one factor causing the greatest wear 
on the greatest number of cars was operating engines at too 
low a temperature with too light a load factor. Among im 
provements which the designer can consider to relieve these 
dificulties, he mentioned manifolding, temperature control 
of the cooling system and starting aids. Provision should also 
be made for maintaining oil temperatures in zero weather. 

New materials will be required for cylinders, pistons, piston 
rings, crankshaft and pins that will be more resistant to corro 
sion than in materials now being used, he said. 

\xle and transmission ratios should be selected to keep the 
engine loaded as heavily as possible and reduce operation: 


under light loads to a minimum. Automat 


transmissions 
in the future may solve this problem. 
Valve wear including the wear on guides and seats 1s a 


Seat wear may be 


responsibility of the engine designer. com 


batted by valve seat inserts or by improving the quality of th 
block Valve 


greatly influencing valve life. 


cylinder material. location is another 


factor 
Lubrication of valve springs, 
stems and guides should not be left to chance: The rigidity 
of the supporting bosses that hold the valve guides is seldon 


given sufhcient often left to distort 


instead of being ke pt concentric with the valve seat 


attention. They are 


In many 


cases exhaust valves are will 


too large and smaller val: 
prove more satisfactory and make for longer life. 
Combustion chamber design should give a moderate rate 
of pressure rise to avoid undue shock under tull throttle to 
not only the engine parts but the power transmission assem 
bly. It should fame travel 
discourage the building up of temperatures that will induc: 


knocking. 
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Deflection of the main engine structure offers many oppor- 
tunities for the designer. The average crankcase has little 
jateral stability in a horizontal plane in line with the crank- 
shaft. Wider lower flanges and heavy rectangular box sec 
tions will be needed to reduce deflection to a minimum. 

Oil and air cleaners must be selected with greater care 
as dirt has long been one of the greatest factors contributing 
to engine wear. 


Presents New Analysis 


The Janeway-Baker paper presented a new method ot 
analysis to meet the need for a useful standard of engine 
performance by following the straight and narrow path of 
camber-dynamic reality. The character of the paper pre- 
cludes brief digesting, but the conclusions reached by the 
authors may be summarized as follows:— 

1. The low cycle efficiency of operation of the modern 
engine is close to the limit set by proportions and the inherent 
nature of the cycle. 

2. The thermal efficiency of the engine on a fuel consump- 
tion basis falls short of the optimum, primarily in so far as it 
fails to distribute the fuel uniformly to all cylinders. 

3. The specific output of the modern four-cycle engine is 
still far from the saturation point of volumetric efficiency. 

4. In a given engine, the limiting cycle efficiency increases 
speed and with volumetric efficiency because the heat losses 
in either case decrease in relation to the weight of charge 
handled. 

5. The primary factors in engine design affecting the 
limiting efficiency are compression ratio and cylinder sur- 
face to volume ratio. The effect of surface to volume ratio 
is more marked at low speeds than at high speeds. 

6. The effects of increase in volumetric efficiency on total 
heat dissipation to cooling water is comparatively small, the 
estimated increase being 10 per cent in going from 75 to 
100 per cent volumetric efficiency. 


Says Radical Changes Needed 


“So long as our power plants, under ideal conditions, oper- 
ate at less than 25 per cent thermal efficiency, under full load, 
and nearer 15 per cent at ordinary car driving loads, they are 
obviously not giving us much in the way of economy.” Such 
was the introduction to Mr. Shepard’s paper, which reviewed 
what might be expected from detail changes in present power 
plants, and what might be expected in the near future from 
more radical developments. 

“It appears that we have almost, if not quite, exhausted our 
possibilities toward getting an increased thermal efficiency 
with the Otto cycle, and must work toward a radical change 
if substantial gains are to be made”, he said. 

“Attempts have been made to eliminate the carburetor en 
tirely as well as the inlet manifold . other experiments 
have since been tried but none have sufficiently improved the 
thermal efficiency over the carburetor method to warrant com- 
mercial use.” 

With respect to inlet manifolding, Mr. Shepard said that 
for a six-cylinder engine there is little to choose between a 
three-port or four-port design, but that the three-port type will 
usually require more “tailoring” in process. With a line-eight 
engine, two four-cylinder manifolds, requiring a dual car- 
buretor, is by far the easiest solution of the distribution prob- 
lem, as measured by performance, but not necessarily the best 
for our measuring stick of miles per gallon. The dual car- 
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ret 


buretor must be more accurately calibrated if we are to g 


the most from our fuel. 

The importance of spark-plug location with respect to size 
of the combustion chamber and of correct gapping were 
stressed by Mr. Shepard, who pointed out that with light 
loads it is easy to waste 5 to 10 per cent of fuel with a spark 
gap improperly located. 

For the owner who drives at high speeds, streamlining will 
bring fuel saving. It is conceivable, he said, that such a 
development will bring to the front a new form of automatic 
transmission which will enable the car to have low-speed 
torque that is better than we are accustomed to, and at the 
same time, with an overdrive, give the car more top speed 
and actually save fuel over the average range of driving speeds. 


Engine Papers Discussed 


In the discussion following the presentation of these 
papers T. J. Litle, Jr., mentioned the need of improving the 
cast iron used in engine design. He felt that electrically 
melted iron would be most satisfactory as it gave a more uni- 
form structure, better machineability and wearing qualities. 
Tensile strengths up to 125,000 lb. per sq. in. have been ob- 
tained from electrically melted iron. Mr. Taub asked Mr. 
Fisher where he considered additional iron could be used 
to the best advantage and Mr. Fisher replied “that the bottom 
flange of the crankcase could use this material to best advan- 
tage.” Mr. Janeway and others commented on the fact that 
our technical schools are now beginning to teach thermo 
dynamics so that it may be of more practical benefit than it 
has been in the past. 

L. P. Saunders, Harrison Radiator Co., said that 22 per 
cent less heat is rejected to the water jackets with overhead 
valve engines than with the convenional L head design. 
F. F. Kishline asked Mr. Janeway whether, in his analysis, he 
had taken into account the possible effect on heat distribution 
by increasing the volume and density of the charge, other con- 
ditions remaining equal. “It has been indicated, by reviewing 
practical results,” Mr. Kishline said, “that no more cooling 
capacity is required where supercharging is used.” 

Mr. Kishline complimented Mr. Janeway on his work and 
expressed the thought that the material had been very well 
presented. 

Mr. Janeway in reply to a question on the effect of charge 
weight on total heat rejection replied, “that a 33 per cent 
increase in volumetric efficiency was accompanied by a 10 
per cent increase in heat rejection, clearly indicating that 
increasing volumetric efficiency results in increased thermo 
efficiency.” This was confirmed by Mr. Kishline. Discussion 
also brought out that the shock factor is the limiting condi 
tion on increased compression ratios and volumetric efficiency. 
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Independent Springs 
Bring Out Discussion 


EMBERS § fortunate 
Wednesday Maurice Oley, 
Cadillac Motor Car Co., gave his talk on “Independent 
Wheel Suspension”, will not soon forget either the excellent 
presentation or the 
followed his talk. 
J. M. Crawtord, Chevrolet Motor Co., who presided at this 
session, stated that he and Mr. Olley had agreed that if 
asked suspension he, 
Mr. Crawford, should answer them. This evidently was taken 


enough to be resent at the 
£ I 


evening session when 


timely and pertinent discussion which 


questions were about the 


Chevrolet 
as an invitation to inquire why General Motors is using two 


types ot independent suspension, tor this question was 


aske d. 


the difference lay in the wide divergence in the 


soon 


Mr. Crawford replied that the principal reasons for 


weight ol 
the cars involved. When pressed for further reasons by Le: 
Oldfield, he stated that frankly faced by a 


manutacturing problem which made it expedient to provide 


Chevrolet was 
a unit which could be manufactured and assembled completely 
in one plant and then shipped to the large number of car 
assembly plants operated by ( hevrolet. It was also thought 
desirable to provide a system which would enable the quick 
replacement of a unit injured in service by a new unit without 
requiring an entirely new line-up of the elements involved in 
the suspension and steering system. An advantage was also 
seen in having the springs completely enclosed and protected 
from dirt and water. The Dubonnet type of suspension, M1 
Crawford said, is especially well adapted to small and light 
cars, although it may be adaptable also to heavier models 

Mr. Oldheld then stated that he did not feel 


weight ot the car was 


that the 
a controlling factor, especially in 


; ce veloped 


view of the tact that the Dubonnet suspension wa 
originally on a car we 


that he 


ighing some 6000 lb. He said, however 


brake 


recalled that when four-wheel] 


were first intro 

duced, those who hollered most loudly about them were thos« 
who did not have a satisfactory system to offer. This, he 
intimated, was parallel to the present ituation in OTN 
respects, although he teels that independe nt wheel uspensiol 
is the right solution for the springing problem 

To this, J. H. Hunt made the rejoinder that the weight 
of the Dubonnet car exhibited in this country a year ago wa 
nearer 4200 lb. than 6000 |b., and involved a layout in whi 
the distance between the king pin axis and the center of the 
lire contact \ , in It was felt that this arrangem 
vould not be satisfactory on large cars in American set 

Smith Opens Questioning 

zx. mith, American Telephone and ‘Telegraph Co 
opened discussion by asking what happens when th hinge 
joints in the wishbone construction of the Cadillac cars ar 
pot properly lubricated lo this, Mi Olle inswered 
promptly, “They squeak!” Mr. Smith then explained that 
he intended to ask whether wear at the hinge bushings would 
cause serious trouble Mr. Olley’s reply to this was that a 


squeak 1S likely to rat velop after 2000 miles of running i the 


not lubricated, but that the difference 


is not like ly to be 


points are In perform 


ance felt for another rooo miles, after which 


a seizing may possibly occur. 


He added, however, that no 


dificulty has been encountered with worn bushings, except 


had 


in one 


experimental car, in which unhardened 


pins 
inadvertently been used 
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Frank Pearson, Reo Motor Car Co., then inquired why, 
if independent suspensions increased stability, it 1s necessary 
to apply torsional stabilizers. To this, Mr. Olley replied that 
the stabilizers were not required because of independent 
springing, but rather because of the unusually soft springs 


With these, side roll 


stabilizer iS ¢ mployed. 


used. becomes considerable unless i 

Considerable discussion then followed, in which T. J. Litle, 
Jr., took the lead. Mr. Litle stated that, although statements 
made concerning the coil springs employed are 


that 


reassuring, 


it is his such treacherous He 


opinion springs are 
stated that specialists xplain that extreme care 1s required in 
stock. A 5/8-in. 14-ft. lengths 


must be ground and planished to detect flaws, as even a slight 


the selection of the steel in 


scratch may be the start of failure, and such scratches may not 
be discovered even in careful inspection. This, Mr. Litle said 
leads him to expect difficulties with this type of spring 


Develops Special Machines 


lore Franzen, Chrysler Corp., said that specialists em 


ployed by his company consider it essential to be ultra-care 


tul, especially when large production cars are involved, when 


1 mayor change, such as the new type springs, 1S being 


initiated. He said that Chrysler had, perhaps, gone further 


than Cadillac in this investigation because of the large pro 


duction that would be involved. 


In so doing, they have 
ar veloped special machines which vive test springs as many 


as 720,000 oscillations per day Extrem«e 


care 1S being exer 


cised, very properly, in the early stages of construction, but 


it may yet cle velop that it will be cold 


steel been 


possible to use a 


drawn \lthough some excellent results have 
secured in experiments with straight carbon steel, these re 


ults are as yet somewhat spotty, 


Says Springs Were Broken 


‘tated frankly that 


rolet test 


Chairman Crawtord some springs had 


been broke nin ¢ her ; but that it had bee n tound that 


only such springs were broken as were not within the limit 
ilready set up by the engineering cle partme nt as to harde ning 
Mr. Olley added that metallurgists are insistent that the 
pring be ground to avoid surtace flaws, but stated that in 


econd hye st of all the re sults pro ured in labora 


ory tests of springs had been secured with black steel on 
hich no polishing had been done. Grinding being done at 
present, however, to remove pots ind reveal possible detect 
the tee| aL teel used 1s S.A] g260 silico-mangane ( 
t the same a has been employed in making leat springs for 
Cadilla irs tor some year very eflort 1s made to secur 
steel Mr. Olley ud that he agreed vith Mr. Lit 
nh lack of confidence in coil prings hen they are made 
om light wire such as is used, tor xample, in alve prin 
but that initiar difficults ; do not apply to heavy rods, ibout 
,-1n. in diameter, such as are used in springs tor the Cadilla 
ul 
Mr. Oldheld then asked as to the relative value of a low 


rate front spring and a change in mass distribution and also 


ibout the relative 


advantages of an articulated-axl 


typ ol 


independent springing Mr. Olley replied that changes in 
mass distribution will have an effect upon pitching action but 


not upon the bouncing action ot a car. 
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Maurice Olley 


Was the Speaker at 
the  Independent- 
Springing Session 


cial value, Mr. Olley stated. In respect to track variations, 
Mr. Olley said they do not yet know the allowable limits but 
the layout employed maintains a substantially constant track. 

In response to a question by Herbert Chase as to the pos 
sibilities of securing a good ride, using low-rate front springs 
and the conventional axle, positioned by a wishbone or some 
similar radius member, Mr. Olley indicated that a leaf spring, 
giving a g-in. deflection would offer great difficulties in s¢ 
curing a satisfactory and workable spring layout. There 
would also still be difficulty with shimmying. If an attempt 
were made to use coil springs, it would be difficult to pro 
portion them in such a way as to give the required stability 


Good Ride First Consideration 


In response to another question, Mr. Olley stated that it ts 
basically wrong to expect good riding qualities in a car hav 
ing front springs with three times the rate of those used in 
the rear. In designing the Cadillac system, good riding was 
the first consideration and to secure this, soft springs front 
and rear and independent suspension became necessary 

Mr. Franzen said that in Chrysler tests, it had been found 
that no wear resulted at hinge joints in 11,000 miles of service. 
He laid stress, however, upon the type of suspension in which 
change in loading results in a change in the moment ot 
inertia about the front axle of the vehicle. He added that 
he could not disagree very much with Mr. Olley, but felt 
that this inertia factor is one of importance and should be 
given more consideration. 

Mr. Olley then described a set of experiments which were 
made with a car having front and rear outriggers on which 
heavy weights could be carried to determine the effect of 
moment of inertia on various loadings, front and rear. When 
the weights were so distributed as to give a K°/ab ratio 
equal to approximately 1, a simple harmonic motion of the 
whole vehicle was secured but the ride then lacked definition, 
or may be called “sloppy” and rather unsatisfactory. This 
was with springs arranged to give the same rate front and 
rear. With much weight carried on the rear outriggers, it 
became difficult to steer the car and it was necessary to nose-in 
considerably in order to make a turn under some conditions 

Herbert Chase suggested that since Mr. Crawford had been 
frank in stating why General Motors uses two different types 
of independent wheel suspensions, that perhaps Mr. Franzen 
would state why Chrysler also uses two different forms. 
To this, Mr. Franzen replied that it had proven possible 


to secure an excellent mde with the weight distribution 
such that a K*/ab ratio approximating 1 or 1.1 was secured. 
With the arrangement employed on the larger Chryslers in 
which there is a high moment of inertia about the front 
axle, good riding results, even though the spring rate is not 
the same on both front and rear. Mr. Franzen then de 
scribed, briefly, an independent layout employed by Daimler 
Benz in which wishbones of equal length were used. Al 
though this produces a considerable variation in tracks, very 
little tire wear was observed. He said that Daimler-Benz 
had employed an independent suspension for about thre« 
years without difhculty with spring breakage. They are us 
ing an S.A.E. g260 steel which is being ground. 


Front Springing Meets Needs 


When Mr. Litle asked Mr. Olley about the possibilities of 
a parallelogram arrangement, using four leaf springs, placed 
transversally, Mr. Olley replied that even if it was exceedingly 
good, he wouldn't like it, for the reason that it would be 
difficult to sell and also that there would be a serious wind 
up if soft springs were employed. 

When asked why independent springing is employed on 
front wheels and not on rear wheels, Mr. Crawford replied 
that one of the chief objectives was to make front and rear 
spring rates the same. This could be done without chang 
ing the leaf springs in the rear and very little would have 
been gained by making such a change. 

In presenting his paper, Mr. Olley stated that the best 
order for the paper appeared to be that of their own ap 
proach to the subject. The paper, in effect, outlined the 
development work carried on by the Cadillac company over 
a period of three years before adopting independent wheel 
suspension. He offered no apology for emphasizing the ad 
vantages gained in riding because these were the chief rea 
sons for going to an independent front suspension. Although 
roads are generally considered good in this country, he said, 
they often contain long waves which make it necessary to 
use much softer springs than are employed elsewhere. Much 
ot the talk was devoted to a description of various motions 
that result in pitching and bouncing with the car turning 
about different centers. He showed how variations in spring 
ing affects the centers of turning in pitching and in bounc 
ing, to explain why springs of approximately equal rate front 
and rear are desirable. 


Independent Springing Defined 


Independent springing was defined as a suspension in which 
the wheels move up and down independently of each other 
in paths which are invariable and which maintain the wheel 
plane closely parallel to the center plane of vehicle. This 
type of suspension results in six outstanding features: 

1. Very large spring deflection with frictionless springs. 
With soft springs, reduction of friction is imperative. 

2. Knee action. 

3. Precise steering, with the paths of wheels invariable. 

4. Absolute freedom from shimmy, even with extremely 
soft: springs. 

5- Higher rolling stability. 

6. Inherent stability of steering. 

Many other factors were considered in the paper, including 
K*/ab ratio, the effects of various factors on steering, tire 
wear, possibilities of spring breakage, type of steel employed, 
wear at hinge joints, the geometry of the wishbone support- 
ing system and various effects upon the handling of the car. 
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Electrical 


and Pro 


Lights and Radio Fill 
Big Electrical Session 


HE session 


devoted to electrical 


equipment, with P. J 
Kent of Chrysler in the chair, was rather crowded be 


cause of the large number of papers. These precluded much 
discussion. Of the papers, the first by V. M. Graham of the 
Stromberg-Carlson Telephone Mtg. Co., 


problems of automotive radio. 


dealt with some 
This was followed by a paper 
on “Modern Headlighting Requirements” by R. N. Falge 
of the Guide Lamp Corp. 

W.C. Brown of the General Electric Co. and his associate, 
V. J. Roper, were the authors of a paper entitled “The Well 
Lighted Car,’ which was presented by Mr. Brown. Prof. 
L. Boelter of the University of California then gave a résumé 
of his paper entitled “Mechanical Construction and Per 
formance of Headlamps and Signals.” This was followed by 
the concluding paper, “Problems and Tendencies in Elec 
trical Equipment,” by J. T. Fitzsimmons of the Delco Remy 
Corp. 

The regularly scheduled finale in this was a 
résumé and some conclusions by W. M. Johnson of the Gen 
eral Electric Co., which, in effect, constituted the 
tailed discussion of the papers previously presented 

In introducing Mr. Graham, the chairman stated that th 
problems of automobile radio are becoming increasingly im 
portant and to show that this is the case, gave the following 
table of factory installations made in Chrysler cars for the 
last five years: 


session 


only de 


1929 244 
1930 540 
1931 [ ,007 
1932 2,201 
1933 4,057 


The design ot a small receiver for car service is a considera 
bly greater problem than the design of a home receiver, said 
Mr. Graham. 

“Tt is unfortunate that some of the automotive people 
should feel that the radio manufacturers in making proposals 
for mounting space standardization were attempting to ask 
the car manufacturers to ‘design their cars around the re 
ceivers. Such is not the case, the radio manufac 
turers desire is cooperation with the car manufacturers in 
giving the public better automotive radio, an objective in 
which both groups must of necessity be interested. It 
obvious that without 


as what 


1S 
some such standardization the radio 
manufacturers must build special receivers for many makes 
of cars. Of course, such a procedure is not economical 
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Equipment-Fuels 


duction at Close 


Che ideal of economical standardization and public Satis 


faction would be 


attained if such essential 


mounting space 
ind dimensions and electrical connections wert 
SO that 


standardized, 


Cac h 


automotive radio 


would fit in any 


manutacturer could 


build a 


receive! which 


make of car, be easily in 
While not impossible, this ideal 


has not been attained, but it can be by the continuation of con 


stalled, and operate properly. 


centrated cooperation between the automotive engineers and 
the radio engineers. 


“The car antenna presents another problem which demands 


joint elforts ol the 


automotive and 


radio engineers. The 


automotive man has the structural details and cost to concern 


him, while the radio man has the need of sufhcient pick uj 


] 


of signal to give satisfactory operation It is admitted that 


the better signal pick-up of a better antenna gives more de 
sirable results than the addition of 


sensitivity to a receiver 


on a poorer antenna. ‘Therefore, the radio engineer would 
present the point to the car manufacturer that a good antenna 
is the cheapest and the best form of amplification, consider 
ing customer satisfaction.” 


Other excerpts from the paper follow 


‘The desire to squeeze the radio down to as small a spac 
as possible has not been beneficial to performance, and_ the 


radio engineer would that while the cost 


may be slightly greater and the space requirement larger, the 


again point out 
use of a good sized speaker will give better satisfaction both 
from the standpoint of tone quality and the better utiliza 


tion of the electrical power output of the audio system of the 
recelver. 


“Possibly the voltage-regulated type ol generator will come 


into greater use as a result of It has 


generating sys 


increased use of radio. 
been stated that the tendency in automotive 


tems would be toward slightly higher voltages with less varia 


tion in voltage. This is the result of the tendency to use 


larger generators with higher outputs, so regulated that thi 
output will be in proportion to the load demands on the sys 
tem. Again the 
he followed by 


radio engineer would 


urge that this trend 


all car manufacturers 


Mr. Fale pointed out 


I 
that it is not unusual to require at 


that operating conditions are such 


least 50,000 candlepower 

to show up obstacles and turns at a distance of 500 ft. ahead, 
1 

as evidenced by the results of an extensive 


Motor 5 


“From these figures, it will be 


study conduc ted by 
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about 25,000 candlepower 1S needed LO reveal a dark colored 
object. Under adverse conditions, wet or dirty windshield, 
detective eyesight, facing oncoming headlights, etc., a mini 
mum of 50,000 candlepower appears entirely justifiable. 

“To compensate for light losses due to depreciation of re 
Hectors and bulbs, wet and dirty lenses, low voltage and 
similar tactors, the cde sign value should be at least 100,000 
candlepower. 

“In actual practice, cars traveling at relatively high speed 
over dark country highways slow up very little upon meeting 
an occasional vehicle. Consequently, it is just as necessary to 
see obstacles and turns 500 ft. ahead as when the driver has 
the road to himself. However, in such a case, the driver 
does not have to depend entirely upon the light from his 
own headlamps. The oncoming headlamps help a good deal 
in lighting the more distant objects. Furthermore, the need 
tor distant visibility is confined largely to the right side of the 
road, 

“The beam best suited tor meeting occasional cars at the 
higher speeds which usually prevail on deserted country 
highways is one aimed low on the left. 

“For the more favorable conditions encountered 1n traveling 
at relatively low speed over lighted city streets and in heavy 
trafhe where other headlamps light the way, a third beam 
aimed low all the way across the road serves nicely for con 
tinuous use with minimum glare hazard. This same beam 
may be used to avoid glare when meeting on right curves 
in the country. Parking lamps should never be used alone, 
even under these favorable conditions, because of their low 
brightness and lack of attention-attracting power.” 

After discussing the relative merits, in practice, of the 
single-beam and two-beam systems of arrangements, Mr. 
Falge said: 

“Granting that the single-beam system is inherently deh 
cient in that it neither provides safe road illumination nor 
avoids dangerous glare under many ordinary conditions of 
travel, the alternative was that of providing two or more 
beams, one aimed high enough to reveal obstacles and turns 


at_ a sate distance ahead, another aimed low enough to 


P. J. Kent 


Presided at the Electrical 
Equipment Session 
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really avoid glare, the driver to be responsible tor using the 
proper beam at the right time. 

“It was decided that the two-beam system was worthy of a 
fair trial. A serious problem was that of handling the situa 
tion in such manner as not to interfere with the single-beam 
practice still in effect in some of the states. From the pro 
duction standpoint, it was not feasible to distribute different 
headlamps in different states. The sharply defined upper 
cutoff, present in the upper beams from all conventional two 
beam headlamps, was the sacrifice imposed by the need for 
adapting such headlamps to the single-beam practice. Today, 
multiple-beam headlamps are available on more than 75 
per cent of the cars on the road.” 

Messrs. Brown and Roper’s paper is largely a plea for 
improvements in the lighting of the car from the standpoint 
of the light source and variations in its capacity, but includes 
also several recommendations concerning additional equip 
ment and its location and operation on the car. Headlamps, 
the authors say, should not only illuminate the road adequate 
ly but should aim to avoid glare by beam control. It is 
pointed out that the new type of flanged bulbs are capable 
of giving a third more light on the road without increase in 
candlepower. Smaller headlamps of 5-in. diameter can be 
employed but two units each of 4-in. diameter are recom 
mended for use at each side of the car. Requirements for 
marking the car by both front and rear lights are also laid 
down and suggestions are made for mounting the rear license 
plate in the recess and illuminating it as well as providing 
for a proper backing light. There are also suggestions con- 
cerning stop signals and direction signals, the latter prefer 
ably being arranged so as to be turned off automatically. 
It is recommended that there be ample light in the interior of 
the car to permit reading satisfactorily and that map and 
trouble lights be provided. Certain types of indicator lights 
for several different purposes are recommended. 

It is the belief of the authors that if the recommendations 
given are followed they will help to make night driving not 
only safe, but will add to comfort in several respects. 


J. T. Fitzsimmons gives much space to describing the 
various changes that have been made in electrical equipment 
in 1934 passenger cars and in outlining some of the problems 
which have been solved or are still to be solved in the elec 
trical equipment field. Starting motors have undergone 
relatively litthe change, but there are now several methods 
employed for engaging the starter, some of which are inter 
connected with other controls on the car. These methods of 
interconnection are described. 

Ignition systems have been somewhat simplified in some 
respects, but in many cases now include both an automatic 
centrifugal advance mechanism and advance mechanisms 
operated by the manifold pressure. 

The use of higher-compression engines has made it neces 
sary to step up the voltage of secondaries or increase their 
output capacity. When this is done, some of the difficulties 
which are outlined in the paper are solved and others are 
introduced. Most of the remainder of the paper deals with 
the various methods employed in increasing the output of 
generators, including forced ventilation and changes in the 
characteristics of the machine itself or in the control elements. 
The latter include new voltage regulators and new current 
regulators or lamp-load regulators, some of which are similar 
to equipment already in use for several years on trucks and 
buses. 
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In conclusion the paper states that steps have been taken 
by both car and equipment manufacturers to assist the motor 
ist in enjoyment of his car and its new accessories. If addi 
tional electrical power is required, the capacity of generators 
and batteries may be further increased. 


A digest of the paper by Messrs. Boelter and Rusk tollows: 
The ratio of accidents resulting from faulty headlights in 
California is increasing slightly. During the past few years, 
rapid strides have been made in improving the mechanical 


construction of headlamps. Inspection of typical headlamps, 


however, revealed many factors as affecting mechanical con 





R. N. Falge J. T. Fitzsimmons: 
Spoke on Head- Was on the Elec- 
lighting Require- trical Session pro- 

ments 


gram 


struction and freedom from failure in service. 
factors are listed and discussed. 
Considerations affecting the vibration of headlamps are dis 
cussed in detail and the results of vibration upon the head 
lamp lens are listed. 


Thirteen such 


Various mechanical tests, designed to 
give within a few days in the laboratory, results that might 
be expected to take place after several years of road service, 
are described and illustrated by diagrams. The results of 
numerous vibration and other tests are listed and the vibra 
tion characteristics of headlamps are discussed. 
grams of test apparatus are included. 

Other results of tests given in the paper include measure 
ments of the glare produced by headlamps on the roadway. 
A description of the elaborate apparatus employed in making 
these measurements and the procedure followed is given. 

Conclusions given as a result of the tests and test data, 
thus far secured, includes the following: 

1. The mechanical performance of headlamps has been 
improved. * 


Several dia 


2. Laboratory tests involving durability, vibration, and dust 
and moisture leakage determinations may be used to advan 
tage to predict roadway performance. 

3. Factors affecting vibration of headlamps have been in 
vestigated and the result of tests tabulated. 

4. It was found that road shock requires a relatively rigid 
mounting. 

5. Trends in the natural frequency of headlamps (in vibra 
tion) are not evident from the data secured. 

6. Photometric and other data secured indicates that 0.07 
foot candles at 100 ft. is a criterion of glare. 


In giving his résumé and conclusions, W. M. Johnson spoke 


extemporaneously. He stated that this is the first session of 
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the Society in which so many phases ot electrical equipment 
had been discussed. He added that the many makers of 
various types of electrical equipment had numerous prob 
lems in common and that they should get together and seek 
to solve them through mutual cooperation. To stress the im 
portance of radio installation he said that although only 3400 


of these were sold in 110,000 had been sold in 1931; 


152,000 1n 1932 and 750,000 1N 1933. 


1930; 


In mentioning the various new types ol equipment which 
are requiring a larger electrical output of the electrical gene 
rator, and commenting upon the facts mentioned by Mr. Fitz 
simmons, to the effect that larger generators are now being 
employed, Mr. Johnson said that unfortunately he is unable 
to avail himself as a private individual of these larger gene 


rators since they are not generally available tor equipment 


on old cars. 
He pointed out that although the power of automobile 
engines has increased anywhere from 12 to 130 per 


2 cent 
during the last five years, very little increase in the output 
of electrical generators has been made. This led him to sug 
gest that much higher wattage outputs would be advantageous 
and would be insignificant in their power requirements as 
compared to the extra power that has been made available 
in automotive engines. So little time remained after the 
conclusion of Mr. Johnson’s remarks that there was time only 
to read two prepared discussions. 


The first of these was pre 
sented by R. 


W. Johnson, chief engineer of the Corcoran 
Brown Lamp Co., who spoke, in part, as follows: 

“Previous speakers have emphasized the need for an ade 
quate quantity of light on the road ahead and have illustrated 
the now well-established fact that a beam which is adequate 
tor driving at moderate speeds on the open road will cause 
glare much of the time if used as a meeting beam. They 
also pointed out the desirability of a special beam for meeting 
which provides a considerable quantity of light on the right 
side of the road with a reduced amount on the left so that 
there is no glare and annoyance for the oncoming driver. 
With such a meeting beam, there should also be provision for 
a lower beant for use in the city or on congested highways 
meeting heavy traffic. 

“The Control Beam Headlamp which meets these require 
ments and in addition overcomes the difficulty caused by 
operation of the car with the rear seat loaded vs. unloaded. 

“The six beams of the Control Beam headlamp are con 
trolled by a magnetic mechanism attached to the reflector and 
a two-hlament bulb. The bulb is so located in the reflector 
that one filament lies on either side of a vertical plane through 
the reflector axis and the socket carrying the bulb is pivotally 
mounted on the magnetic unit. The magnetic units are 
energized through a switch conveniently located on the in 
strument panel, thereby bulb 


ig beams 


causing movement of the 
vertically to three different positions, and providit 
having three ranges of distance on the roadway. 
“The right and left-hand lamps embodying the Control 
Beam system are identical. The zones of highest intensity 
from both headlamps (left-hand filaments) are used to pro 
duce a powerful meeting beam directed along the right side oi’ 
the roadway at a height sufficient to reveal distant objects for 
safe passing while the left side of the beam is of lower inten 


sity and cuts off at a level below the eyes of the approaching 
driver 


The remaining discussion was in the form of a letter from 
Bruno Beckhard, which raises a subject that, it was stated, 


is now being given consideration by the Electrical Equipment 
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Division of the Standards Committee ot the Society. The 
substance of Mr. Beckhard’s letter follows: 

“In conjunction with plans for improved headlights may | 
suggest standardizing on color spots or reflectors so that the 
left headlight is marked red and the right headlight is 
marked green? 

“These are the marks in use in marine practice. There is 
some objection to the use of red on the front of a car but 
the use of green only is effective only where green is not 
used tor any other lighting purpose. 

“There has so far been no effective method of controlling 
or eliminating the one-eyed car, and there is always the possi 
bility of the failure of one light while the car is on the road. 

“A definite left and right marking would enable a driver 
meeting a one-eyed car to determine which light is on. 

“Old lights could be marked with the appropriate colors 
by use of some advertising device, so that the habit of mark 
ing lights could be introduced at no great cost. 

“Briefly, marking the outlines of a car against failure of 
the actual lights is an important part of lighting. 

“Note that in marine practice the arrangement of lights 
is intended to show definitely the outline and direction of 
an oncoming vessel, whereas our road practice to date elimi 
nates the ‘bearing’ light or marker.” 


Triple Bill Features 
Production Sessions 


EGINNING with a luncheon after which David Bee- 

croft, manager New York Ofhce, Bendix Aviation Corp., 
outlined dramatically the purposes and possibilities of the 
NRA, the session of the production activity included a dis- 
cussion of depreciation theories by G. D. Bailey, of Ernst and 
Ernst, and the paper on “External Broaching Applications” 
by Joseph Geschelin, engineering editor, Automotive Indus 
tries, which appears in full on other pages of this issue. 

The NRA, Mr. Beecroft pointed out, began with the imme 
diate objective ol getting people back to work and involves 
the longer-term objective of development of codes to correct 
abuses existing in industry—to help bring about application 
of better principles in business. 

NRA means to industry, he said, just what any individual 
industry makes it mean. The government has set up safe 
guards in the form of consumer, labor and industrial ad 
visory boards to see that industries play fair in the construc 
tion of their codes and every effort is being made to handle 
disputes fairly. He urged patriotic support of NRA efforts, 
praising the amount of constructive work already achieved 
in the face of tremendous time pressure and extreme com 
plexities. 

Industries already are benefiting, he declared, from use of 
some of the statistical data which NRA arguments have 
forced them to prepare and further good will come of the 
operations as time goes on. Industries frequently have gone 
to Washington hearings without adequate or satisfactory in 
formation about their own operations, he declared, often being 
behind the labor side of the case in this respect. He paid 
tribute in passing to the excellence and comprehensiveness 
of the code presentations made by the National Automobile 
Chamber of Commerce. 

The meeting had a good-sized audience. W. H. McCoy, 
new vice-president of the Production Activity, presided at the 
luncheon, and F. W. Cedarleaf, retiring vice-president, at the 
session itself. 


Chassis to the Fore 


In Lubricant Papers 


“gers bring all the facts out in the open, have a show 
down and then do something about it,” said Chairman 
R. E. Wilkin in his introductory remarks at the fuels and 
lubricants session, where chassis lubrication was the chief 
topic of controversial treatment. This subject was treated in 
two papers, one by H. E. Churchill, Studebaker Corp., and 
one by A. J. Blackwood and A. C. Spencer, Jr., Standard 
Oil Development Co. The latter paper is printed in full on 
other pages of this issue. Discussion of “Present Status of the 
E:xtreme-Pressure Lubrication Problem” by O. C. Bridgeman, 
Bureau of Standards, completed the program. 

“It is my belief,” said Mr. Wilkin, “that the requirements 
as to chassis lubricants and the physical task of applying them 
to the right place at the right time will be materially sim 
plified when we all study them together.” 

Following is a digest of Mr. Churchill’s paper: 

The total number of points requiring lubrication on 1933 
chassis is greater than formerly. The number was least in 
1929, considering the past five years only. The number of 
points requiring infrequent lubrication has increased 140 pet 
cent since 1928. 

Almost universal adoption of needle bearings has greatly 
reduced the need for lubrication in the drive line. Oil-less 
bushing installation, provided with adequate protection 
against the entrance of moisture and grit, are now function- 
ing satisfactorily on many chassis elements. For a given load, 
grease-lubricated knuckles are more subject to seizure than 
oil-lubricated knuckles in duplicate service. The use of 
chromium-plated knuckle pins with extremely hard surfaces 
reduces susceptibility to seizure. 
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trical Session Electrical Session 

Paper 


Oil-less bushings or rubber in shock-absorber link bearings 
are now in general use. The screw type of shackle is better 
protected than the plain type and in some instances added 
protection is provided by felt seals. Tests have shown that 
additional protection noticeably prolongs the interval of lubri- 
cation. With an adequate seal for excluding dirt and water, 
some ball-bearing shackles have run 50,000 miles with the 
original filling of grease, without any contamination of the 
bearings by dirt and water. 

The trend toward streamlining tends to make lubrication 
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points less accessible. 


Independent wheel-suspensions, by 
their very nature, add to the large number of bearings or 
joints on the chassis which are subjected to static loading and 
slow speed oscillatory motion. The problem of lubrication 
would be materially simplified by uniform schedules of an 
nual or semi-annual inspection and replenishment of lubricant 
in each of the chassis elements. Designs suited to such a 
program would be of such a nature that simplification of 
lubricants available and the specifications of same would 


automatically follow. 


The Churchill and the Blackwood and Spencer papers 
were discussed together. 

Mark Harris, Stewart-Warner Corp., stated that a trend 
toward use of the semi-solid type of chassis lubricant whereve1 
possible is due to growing demand for utmost cleanliness in 
both public and private garages and factory production lines 
He outlined his conception of an ideal car and added his 
belief that “‘a bearing which depends upon lubrication tor its 
successful operation should in no case be designated as one 
not requiring lubrication because, regardless of lubrication 
period, there will surely come a time or condition when the 
bearing will require attention, and unless provision has been 
made for giving it attention with relative ease, the bearing 
will be neglected and, consequently, ruined.” 

M. B. Chitwick, Pure Oil Co., told of the purpose of the 
standards and specifications committee of the National Asso 
ciation of Lubricating Grease Manufacturers and of results 
of the partially completed survey, now available, of all auto 
motive and industrial greases and special lubricants. Final 
data are hoped for by mid-summer, Mr. Chitwick said, “so 
that they may contribute toward a constructive program such 
as that suggested by H. C. 
Blackwood and Spencer. 

C. W. Spicer of the Spicer Mtg. Co., indicated that con 
siderable advances in lubrication of universal joints had been 


made since he presented a paper on this subject several years 
ago. 


Mougey and in the paper by 


At that time it was necessary to use a heavy grease as 


this is the only type of lubricant that could be retained within 
the old-tashioned type of joint. With present joints using 
needle bearings that are securely sealed, a lighter grease can 
be employed and this is easier to apply Mr. Spicer said. 

G. L. Neely, of the Standard Oil Co., of California, sub 
mitted the following discussion which was read in his absence 
by J. R. MacGregor ot the same company. This applies espe 
cially to the paper by Blackwood and Spencer. 


O. C. Bridgeman 


Told Status of E.-P. 
Lubricant Research at 
Fuel Session 
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Experience of oi] companies on the Pacitic Coast in obtain 
ing recommendations from cat 
that 


manufacturers is similar to 
Messrs. Blackwood and Spencer, G. I. 


Neely, Standard Oil Co., of California, said, pointing out 
that manuals 


mendations for 


described by 


often disclose gross inconsistencies. Recom 


relubrication ot any part at more frequent 
intervals than 1ooo miles is useless, Mr. Neely stated, adding 
that a proper solution of chassis lubrication problems can be 
arrived at only through whole-hearted cooperation of the 


petroleum and automotive industries. He commended the 
progress already made in coordination of chassis lubricant 
specifications. 

C. T. Meyers read a long discussion in which he pointed 
out that the type of wick lubricator with which he is identi 
hed produces good lubrication and requires filling only once 
in 5000 miles or twice a year, and is one of the types referred 
to as being in successiul use by Mr. Churchill. He described 
some of the advantages of this type and said that the disad 
vantage of unsightly appearance cited by some critics is now 
overcome because the device is hidden by the fenders. 


C. M. Larson of the Sinclair Refining Co. said that at a 
recent A. P. I. 


requested. 


meeting a new deal on lubrication had been 


He said that it came sooner than was expected 


in the form of new types of independent wheel-springing, 


requiring special lubrication. cars, he stated, 


could not be run onto existing lubrication racks and presented 
difficulties in respect to 


Some ot these 


lubrication is 
Knee action, he stated, provides 15 to 25 additional 
parts to be lubricated these 
lubricant stations busy. 


In concluding the discussion, C. W. 


jacking up when 


required. 


and should help to keep. the 


Spicer stated that al 
though his company tried several of the extreme-pressure lu 


bricants, none of them had shown any advantage in the type 
of application in question 


Litchfield Chief 
Speaker at Dinner 


i HE United States can support an increased population 


with a higher standard of living and automotive trans 


portation will be a great element in making this possible, 


said Paul W. Litchfield, president, Goodyear Tire & Rubber 

Co., who was the chief speaker at the 

cluded the 1934 Annual Meeting. 
Opened by Harry T. Woolson, Detroit Section chairman, 


with a sincere welcome to the members and guests and con 
ducted by L. 


dinner which con 


C. Hill as toastmaster, the dinner came off with 
the high success which might be expected of an affair handled 
with the active cooperation of the Detroit Section. 

Retiring as president, Dr. H. C. Dickinson given a 
tremendous ovation for having piloted the Society to great 
iccomplishments through a tough year. 


Was 


Making his first talk as president ot the Society, D. G. Roos 
paid high tribute to A. L. Riker, first president of the Society, 
trom whom he derived much inspiration and help in the earl 
years ot his engineering life. He referred to Mr. Riker as “a 


friend, a mentor and one ot 


nature's noblemen.” 


Pointing 
\utomotive Engineering Congress last 
tall and the 1934 Annual Meeting as two record-breaking 
gatherings, despite the presence of economic depression, Mr 
Roos said that there now 
hope and confidence. 


He referred to the acclaim received by the S.A.E. JourNnat 


to the International 


exists a new spirit of earnestness. 
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Paul W. Litchfield 


President, Goodyear Tire & Rubber Co. 
Was Chief Detroit Dinner Speaker 


at home and abroad, quoting Tranquillo Zerbi, chiet engineer 
of Fiat, as saying: “We derive food and sustenance from 
THE JOURNAL; it is on the desk of every important automotive 
engineer in Europe. We regard your Society as one of the 
greatest.” 

Mr. Roos praised the spirit of cooperation developed 
through the Society by the working together of the designer, 
the producer and the operator with exclusion of commercial 
relationships when S.A.E. problems are under consideration. 
“Upon such a basis,” he said, “the Society's work is main 
tained at the highest ethical standards and in accord with 
the highest ideals of our members. I pledge you that your 
president and Council will uphold these standards.” 

“Automotive engineers have brought forth within the last 
30 days products of tremendous vitality, interest and impor 
tance. The period has been, in many ways, one of the most 
important in automotive history,” said John A. C. Warner. 
general manager of the Society, in a brief talk about S.A.F. 
objectives and potentialities. 

“The new products have received a public acceptance ol 
unexpected proportions,” he went on to say. “This is great 
business—for us, and for the nation—and will undoubtedly 
provide a real stimulus for our efforts in the years to come. 

“To us, as S.A.E. members,” he pointed out, “there should 
come to a great and justifiable pride, for we are, in effect, see 
ing the results of our past labors spring into fresh and endur 
ing life. 

“The vigor and enthusiasm of the Annual Meeting have 
demonstrated clearly that the $.A.E. is the place for coopera 
tive effort toward the improvement of our profession. By 


developing our membership, it seems to me, we accomplish 


. 


a tundamental good. Our strength 1s not measured in num 
bers, but in numbers we find the strength to push forward 
to the peaks of professional achievement.” 

Developing his topic, “Trends in Transportation,” Mr. 
Litchheld pointed out that transportation brings about an 
interchange of ideas. Costs of transportation must be low 
cred, he said, to help lower the cost of products and thus make 
it possible for more people to buy them. 

Home markets should be developed first, Mr. Litchheld 
thinks, because our export is always at the mercy of other 
nations. We should encourage foreign trade but should have 
protection at home. Tariffs should be arranged to keep a 
normal flow so that in times of defense-need we can get along 
without outside help. 

He urged that industry be permitted to regulate itself, tak 
ing a stand against too much government domination. 

Inelastic transportation must be taken from city streets in 
the future, he said, and ground transportation must be put 
into subways. Combination of rail trafic plus subways will 
give excellent transportation when compared to congested 
highways. He predicted higher speeds, rubber cushioning 
and streamlining for rail vehicles. 

Commenting on the status of lighter-than-air transporta 
tion, Mr. Litchfield voiced the belief that it has particular 
values in operating over seas. Air power will mean world 
power in the Twentieth Century, he said, urging that the Gov 
ernment do everything possible to encourage air transportation. 

Two outstanding annual awards tor engineering work in 
advancement of the science of aviation were made at the 
dinner. 

A. H. Roy Fedden, ot the Bristol Aeroplane Co., Ltd., 
(England) received the Manly Memorial Medal “awarded 
annually to the author of the best paper relating to theory 
or practice in the design or construction of, or research on, 
aeronautic powerplants or their parts or accessories.” 

The Wright Brothers Medal was presented to E. N. Jacobs, 
of the National Advisory Committee for Aeronautics, Wash 
ington. The medal is awarded annually to “the author of the 
best paper on aerodynamics or structural theory or research, 
or airplane design or construction.” Conditions of the award, 
in each case, specify that the papers must have been presented 
to the Society, or one of its Sections, during the previous 
calendar year. 


Both papers mentioned were presented at the International 


L. Clayton Hill 


Was Toastmaster at 

the Dinner at which 

the Detroit Section 
was Host 
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and activities. 





Charles B. Whittelsey “I 


A life member of the Society, 
which he joined in 1910, Mr. 
Whittelsey was co-toastmaster at 
the annual dinner with C. F. Ket- 
tering. He was treasurer of the 
Society for 12 years and is at 
present a member of its finance 
committee. 


Automotive Engineering Congress, sponsored by the S.A.E. 
and held in Chicago last August, during the Century of 
Progress. 

Mr. Fedden has been a Foreign Member of the Society ot 
Automotive Engineers since 1927. He is chief engineer of 
the Bristol Aeroplane Co., Filton House, Bristel, England. 
His prize-winning paper described the “Possible Future De 
velopment of Air-Cooled Aero Engines.” 

As Mr. Fedden was not able to be present at the annual 
meeting, the Manly Memorial Medal was received on his 
behalf by his son, A. J. Fedden. 

The presentation of both medals was made by Robert 
Insley, research engineer, United Aircraft and Transport 
Corp., who is incoming vice-president of the Aircraft-Engine 
activity. 

Frank Carlton Nelson, famous Indiana poet, entertained 
with readings from his works. 


Brilliance Dominates 
Annual Dinner Program 


(Continued from page 14) 


“The engineers have done something this year . a few 
months from now the public will tell them what!” 

Almost unanimously acclaimed as the outstanding event 
of Automobile Show week and the most successful S.A.E 
Annual Dinner in a long while, the stirring character of this 
year's event was due in no small measure to the work of 
Alex Taub’s Annual Dinner Committee and to the backing 
given its efforts by representatives of the local Metropolitan 
Section. 

Not only did the “Met” section graciously give over 
Monday evening to the Society as a date for the annual 
dinner, but its membership was actively cooperative in devel 
opment of plans and handling of guests. The Metropolitan 
Section Governing Board Reception Committee, through 
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| tease out of eighteen living past-presidents together with 
President Dickinson and President-elect Roos were at the 1934 
Annual Dinner. 


Introducing these men “whose personalities and accomplish- 
ments have meant everything to the Society”, Mr. Whittelsey said: 


~Their efforts have influenced practically every branch of auto- 
motive transportation and literally thousands of related pursuits 


believe that these distinguished men and their associates 
would agree that the greatest achievement in which they have 
participated is the Society of Automotive Engineers.” 


which this assistance was extended, consisted of Walter S. 
Peper, chairman, and J. A. Anglada, C. H. Baxley, Clarence 
Chamberlin, Herbert Chase, F. H. Dutcher, F. 
S. G. Harris, M. C. Horine, G. Hotchkiss, W 


F. Scott and Adam Stricker, Jr. 


K. Glynn, 
. E. John, O. P. 


Liebreich, C 


Walter S. Peper, 
Chairman Metro- 
politan Section. 
headed the “Met” 
Section governing 
board reception 
committee which 
played so large a 
part in making 
the annual din- 
ner the most suc- 
cessful in’ many 
years. 
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Acoustics and the Airplane 


By Stephen J. Zand 


feronautical Research Engineer, Sperry Gyroscope Co., Inc. 


HEN the history ot the early decades of the Twen- 

tieth Century is written they will quite probably be 

called, not the Machine Age, as we speak of them 
now, but the Age ot Noise. With constantly increased 
mechanization in modern lite, the noise to which human ears 
are subjected is multiplied so many times as to create 
actually severe mental and physical discomfort. 

Until recently, acoustics, the science of sound, has been 
decidedly a branch of theoretical physics. With the advent 
of radio, electrical and photo-electrical recording and repro 
ducing, a new science developed dealing with the proper con 
trol of unwanted sounds or noises. This branch of acoustics 
can be termed more properly acoustical engineering. As the 
airplane or automobile engineer can predict today certain 
performances of the vehicle which is being designed, so the 
acoustical engineer can predict, with almost the same exact 
ness, certain noise levels, pitch distribution, etc., in a building 
or vehicle. 

Inasmuch as acoustical engineering is so new, it does not 
seem inappropriate to include in this paper explanations of 
some of the less known definitions, terms, measuring units 
and certain peculiar acoustical phenomena. These will be 
helpful to those airplane designers who realize that noise is 
a challenge to air transportation, and who naturally will want 
to build airplanes in which acoustical disturbances are not 
allowed to reach the discomfort level. 

Any elastic body, subjected to changing external forces, will 
vibrate and set the adjacent medium, in most cases air, into 
similar oscillation. The sound wave will thus be a series of 
condensations and rarefactions which will travel outward 
similarly to the ripples that can be seen if the surface of a 
liquid is disturbed periodically. If this vibration lies in a cer- 
tain frequency region and has a certain amplitude, the human 
ear will perceive it as sound. As any vibration is definitely 
characterized by amplitude, frequency and amplitude-fre- 
quency relation or wave form, it is only natural and logical 
that sound will be interpreted by identical values. For a 
given frequency, the amplitude determines the loudness, 
the frequency determines the pitch, and the wave form con- 
trols the quality. The simplest form of a vibration is the simple 
harmonic motion in which the frequency amplitude rela- 
tion follows a sine wave; sounds of such characteristics are 


called pure tones. If a tuning fork is struck gently, a pure 
tone will be heard. 


[This paper was read at the 1934 Annual Meeting of the Society.] 
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In the same way as a complicated mechanical or electrical 
vibration can be resolved by means of Fourier’s analysis into 
a simple series of sines, so can any sound be treated as a 
sum of pure tones. A most remarkable fact is that the human 
ear has the capacity to accomplish such an analysis without 
any apparent effort and with practically no time lag. An- 
other feature of our hearing organ is the fact that human 
beings are able to hear over a frequency range from about 
16 cycles per sec. to almost 20,000 cycles per sec. In other 
words, our ears can tune themselves almost instantaneously to 
wave lengths of 70 to 0.055 ft. If we take into consideration 
that our ears are also capable of accommodating themselves 
to amplitudes varying in a ratio of 1:10'*, and, further, that 
the amount of energy necessary to produce an audible sensa- 
tion is extremely small (a speaker generates but 25 to 50 
microwatts) and that our ears distinguish the direction from 
which the sound comes (binaural sense), we realize what 2 
remarkable piece of apparatus we have in our heads. But 
the ear is not only a hearing organ, it is also a very sensitive 
pressure gauge. Sounds of very great amplitude will be 
actually felt by the ear—a feeling difficult to describe to those 
fortunates who have not experienced this tingling, nerve- 
racking sensation. Unfortunately, both the amplitude at 
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Fig. 1—The Amplitude at Which the Sensation of Hear- 
ing. Starts and the Amplitude at Which the Sensation of 
Pain Begins Are Not Constant, but Are a Function of 
Frequency. The Above Chart Shows This Relation. 


February, 1934 





| 
| 





42 . SAE. JOURNAL 


(Transactions ) 


which the sensation of hearing starts (threshold of hearing ) 
and the amplitude at which the sensation of pain begins 
(threshold ot teeling) are not constant but a function of fre 
quency (Fig. 1 shows this relation). From this figure it can 
be seen that measurements of sound intensity and of the cor 
responding loudness sensation will depend upon both the 
intensity and frequency, and will theretore necessitate special 
interpretation in many cases. Space limitation does not per 
mit the inclusion of the complete history of the development 
of the sound and noise measuring technique. The knowledge 
It must be 
pointed out, however, that the zero point on the decibel scale 
has been fixed only recently, as heretofore each group ot 


of the decibel scale is, therefore, presupposed 


observers used a different reference level, one, for example, 
taking the beginning of the scale at 4.4 10 '® watts per 
sq. cm., and another taking 1 millibar (0.001 dynes per sq. 
cm.) of pressure, which in turn is 24.4 10 '° watts per 
sq. cm., as the beginning of audibility at 1,000 cycles. Finally, 
the Acoustical Society of America, in cooperation with the 
American Standards Association, established the following 
tentative standards of noise measurements”. 
1. The reference intensity for intensity level comparisons 
shall be 10 '® watts per sq. cm. In a plane or spherical 
progressive sound wave in air, this intensity corresponds 
to a root mean square pressure “p” given by the for 
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where p is expressed in bars, H is the height of the 


mula p 


1“The Decibel” by the Author yperryscope, Vol. VI, No. 11; also 
“The Decibel,’’ by the Author feronautical Engineering Feb 1933 
page 19. 

2 Electrical Engineering, November, 1933 
ards Association, July 1, 1933 

%*Ouiet Within The Cabin,’”’ by the Author, Aviation, April, 1933; alse 
“Noise Elimination in Cabin Airplanes,’”’ by P. R. Bassett and the Autho 
A.S.M.E. Transaction January, 1934 
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Fig. 2—Relation Between Propeller Noise and Tip 
Speed for Three Different Types of Propellers. 
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barometer in centimeters, and J is the absolute tem 

perature. At a temperature of 20 dey. cent. (68 deg 

tahr.) and a pressure ot 76 cm. of Hg., p 0.000204 
bars. 

2. The intensity level of a sound is the number ot decibel 
above the reterence level. 

3. The pressure level of a sound is 20 umes the logarithm 
to the base 10 of the ratio of the pressure p to the refer 
ence pressure p Phe unit of pressure level is — th 
decibel. 

4. The reference pressure, po, tor sound pressure measure 
ments 1s 0.0002 bars. 

5. A plane or spherical sound wave having only a single 
frequency of 1000 cycles per sec. shall be used as the 


reference for loudness comparisons. 


( Note: One practical way to obtain a plane oO! spherical wave 


is to use a small source, and to have the head of the 
observer at least one meter distant from the source, with 
the external conditions such that reflected waves are 
negligible as compared with the original wave at the 
head of the observer.) 


». The loudness level of any sound shall be the intensity 
level of the equally loud reference tone at the position 
where the listener’s head is to be placed. 

In observing the loudness of the reference sound, the 
observer shall face the source, which should be small, 
and listen with both ears at such a position that the dis 
tance from the source to a line joining the two ears is 
one meter. 

(Note: The value of the intensity level of the equally loud 
reference sound depends upon the manner of listening 
to the unknown sound and also to the standard ot 
reference. The manner of listening to the unknown 
sound may be considered as part of the characteristics of 
that sound. The manner of listening to the reference 


sound is as specified above. ) 


Additional Tentative Standards for 
Noise Measurements 


For the purpose of practical noise measurements and_ the 
design of sound or noise meters, there is »eed for agreement 
upon equal loudness contours of pure tones. Also, there is 
some need for an additional loudness scale based on a group 
judgment as to what constitutes a certain percentage reduc 
tion in the loudness of sound. For both of these things, 
reliance must necessarily be placed on experimental data. A 
number of investigations have been made for the purpose 
of obtaining such data and from their results there can be 
derived such relations which can be taken as the best indica 
tions of the present material, with, however, the necessary 
recognition that they are tentative and may need modification 
as further data are obtained. 

The loudness level of a pure tone propagated as a plane or 
spherical wave in air, and having a frequency of f cvcles 
per sec. and an intensity level of B in decibels shall be defined 
by the set of curves given in Fig. 1. 

As all our readinys are based on a threshold of 1 millibar. 
we will continue to use our figures in this paper. For the 
next few months, or until all meters and data are brought 
up to date, we must not forget that the decibel is but a 
logarithmic ratio of two powers or intensities and unless the 
zero level is given, expressions in decibels have no meaning 
whatsoever. 


The set of curves in Fig. 1 giving equal loudness contours 
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shows very clearly that sound measurements, to be interpreted 
as loudness measurements, must presuppose the knowledge 
of frequency components, Fortunately, common noises such 
as street noises, noises in office or residence buildings, etc., 
have a well-mixed trequency distribution in general varying 
from 500 to 20v0 cycles, and in this trequency region loud 
ness and sound intensity are approximately equal. Conse- 
quently, sound intensity measurements will be tairly repre- 
resentative of the loudness, and trequency analysis may be 
omitted without serious error. In vehicles, machine noises, 
and anywhere else, where there are some predominant fre 
quency bands, such an omission will be misleading. Follow 
ing the lowest curve in Fig. 1, it will be seen that it takes 
about 52 decibels (above 10 '® watts per sq. cm.) to excite 
the sensation of hearing at 50 cycles; at 500 cycles, 5 decibels 
will produce the same sensation. The difference between the 
minimum audibility and painful sensation at 50 cycles is but 
55 decibels, while at 500 it is 120 decibels. Thus, it may 
easily occur that two airplanes having the same integrated 
noise levels will seem to the passengers to differ in loud 
ness. The airplane which has a more balanced spectrum o! 
sound, where the very low and high frequencies are properly 
attenuated, will be much more pleasant to ride in. Any dis- 
tribution which has decided peaks will be annoying, but 
especially if the culmination points occur at the low end of 
the spectrum. This will be particularly accentuated because 
of an acoustical phenomenon known as masking effect. A 
tone of high pitch is always masked or drowned by a tone 
of lower pitch—intensity being assumed equal. Nature loves 
balance in all things and abhors unbalance, giving out warn 
ings in the form of unpleasant sensations when things are 
out of balance. This is true in optics, acoustics and any other 
branch of physics. 

In concluding the comments on noise measurements, the 
quotation from the article “Noise Measurement Being Stand- 
ardized,” by P. L. Alger, in the November, 1933, issue of 
Electrical Engineering, seems to be appropriate: “Only com- 
plete sound analyses made and interpreted by specialists can 
be relied upon in evaluating the comparative noise produc 
tion of apparatus.” It may be added, in view of our experi 
ence, that noise measurements on airplanes without a corre 
sponding frequency analysis are of doubtful value. 

We have shown elsewhere*® that the problem of airplane 
sound-proofing is basically not simple, but not hopeless, pro- 
vided one takes advantage of even the smallest feature con- 
tributing to quietness. The limited success in bringing about 
quiet air travel before our investigation started was primarily 
due to the fact that aeronautical engineers were led to 
believe, and still frequently are, by sales people that there 
is some magic material or engine muffler which, installed 
in an airplane, will change the airplane from a boiler factory 
to a flying salon. Consequently, little time and effort were 
spent on basic research and experimentation. 

The noise of the airplane comes from the following sources: 
engine, propeller, engine exhaust, aerodynamic noises, air- 
borne noises within the cabin, and ventilating noises. The 
complete elimination of one of these disturbances will not, 
as is often thought, create a quiet cabin. 

The simplest way to prove that this statement is true is to 
express the noise created by those sources in decibels, add 
them up properly (remembering, of course, that doubling 
the sound energy increases the loudness sensation but 3 
decibels), and then start eliminating the different contribu- 


4 Davis, ‘‘Noise,’”” Journal Royal Aeronautical Society, August, 1931 
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Fig. 3—Frequency Analysis of Standard and Controllable 
Pitch Propellers Running at the Same Tip Speeds. 


tory noises and observing their small influence on the 
integrated result. Considering a given airplane, we may 
assume the following sources: 

Decibels Energy Equivalent 


Component Sources above 1 millibar Arbitrary Units 


Propeller 108 6310.00 
Exhaust 104 2520.00 
Engine Clatter and Gear Noises go 100.00 
Aerodynamic Noises 88 63.10 
Air-borne Noises 85 31.60 
Ventilating Noises 95 316.00 

Total 109.9 9340.70 


Let us assume now that we have invented a very light ideal 
muffler, and the noise from the exhaust has been completely 
eliminated. The integration will give us 6792 arbitrary energy 
units, or 108.7 decibels, or, in other words, the whole unit 
still roars with ear-splitting noise. We can conclude imme- 
diately that we have to attenuate all sources in order to 
diminish our total disturbance a few decibels. In order to do 
so, we shall analyze each source more closely. 


Propeller Noises 


It a body is attached to a string and rotated slowly, no 
sound is heard—increasing the number of revolutions will 
gradually produce a noise. The propeller of an airplane can 
be regarded as such a body, and naturally the intensity of 
sound emitted by a propeller will primarily be a function of 
its tip velocity. Davis* in England, made a rather thorough 
investigation of propeller noises in the hope of reducing them, 
and came to the following conclusions: 

(1) Reduction of 10 decibels per each roo ft. per sec. re- 
duction of tip speed. 

(2) 1 decibel per deg. decrease of pitch setting. 

(3) 5 decibels per ft. diameter increase of the propeller 
(for a given power, forward speed, and similar operating 
point on the efficiency curve, i. e., controllable pitch). 

(4) 10 decibels for a change to a 4-blade propeller of 
properly adjusted tip speed. 

Supplementing Davis’s data, the National Advisory Com- 
mittee for Aeronautics found that the tip sneed reduction— 
decibel relation—can be expressed by the folowing formula, 


: V 
decibels decrease = 40 to 60 login = 


9 


where V, and V» are the tip velocities. Fig. 2 shows actual 
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results obtained with three propellers, two-bladed metal No. 
1, three-bladed metal No. 2, and four-bladed wood No. 3. It 
is extremely that both Davis’s and 


N.A.C.A.’s results seem to agree very closely up to a tip 


noteworthy to find 
velocity of 850 to goo it. per sec., and then the linear char 
acter of the curve apparently changes into an exponential one. 
All three curves approach asymptotically values of 120 decibels 
or over in the region of 1000 ft. per sec., or thereabouts. This 
relation is exactly what should be expected, as past the veloci 
ty of sound (1125 ft. per sec.) we have to deal with an entirely 
different 
different 


wave form, 1. e., pressure waves which are quite 


from sound waves. For similar tip speeds, this 
curve shows that the two-bladed metal propeller is the noisiest. 
the four-bladed wooden propeller the quietest. That a wood 
en propeller is quieter can be explained by the fact that the 
damping coefficient for wood is 0.22, for duralumin 0.0034, 
and for steel 0.0023. Hence, any vibration will be damped 
quickly in 
opportunity to build up, than in a metal one. However, in 


this era of controllable-pitch propellers, speeds of over 20« 


out much more a wooden propeller, without 


m.p.h., and high economy in the maintenance, we must dis 
card the possibility of using wood and will therefore choose 
as the best compromise the three-bladed metal propeller. 
Davis's other observations have been confirmed by our own 
experiments. Thus, on the Douglas airplane, we noted a gen 
eral decrease of noise about 0.75 to 1.25 decibels after the 
installation of controllable-pitch propellers. We can con 
clude, therefore, that the fitting of a three-blade slow-moving 
controllable-pitch propeller may reduce the noise component 
from that source by about 12 to 18 decibels. 

Let us now analyze the quality of the noise emitted by a 
propeller. The unaided, fairly musical ear, listening attentive 
ly to a propeller sound, will hear one noise which can be 
classified as a roar and whine. Frequency 


analyses made in an extremely thorough manner by Jiichi 


another as a 


Obata and his associates” reveal that we have indeed two 
distinct components: 

(a) The low frequency component or the “sound of rota 
tion,” which is no doubt due to the pressure difference of 
the two sides of the blades. Naturally, the frequency of this 
sound will be (n r.p.m.) / 60, where n is the number of 


blades. Confirming the results of the Japanese .investigators, 


SJuichi Obzta and associates, Report of the 


Research 
Institute. Tokyo Imperial University, Vol. VI, 13 


1932 


Aeronautical 
and 14, July 


Vol. 34, No. 2 


we tound that very often a sub-audible vibration equal to 
the r.p.m. of the propeller accompanies this sound which is 
due in all probability to the very slight unbalance of the 
blades. 

(b) The whine or tearing sound, which is the high fre 
quency component of the propeller sound, is attributed by the 
japanese investigator to the “vortices shed trom the blades.” 
Che wave form of this component is very complicated, as 
would be expected, due to the fact that the propeller section 
varies 1n form and has a speed from zero at the hub to the 
tip speed at the tip. 
the blade 
and att adds a further complication. 


The fact that 


flexes both in azimuth and fore 
There seems to be no 
way at the present writing to predict what the predominant 


frequency of this sound will be. The magnitude of the high 


frequency component is, in comparison with the low fre 


quency, about 30 to 60 per cent smaller. A typical analysis 


tor two different propellers is shown in Fig. 3. 
The controllable pitch propeller seems to show a smaller 
amount of high frequency component, no doubt due to the 
tact that the blades are made with a stiffer section, especially 


noticeable at the end near the hub. 


Sounds emitted from a loud speaker or megaphone have 
directional properties, at least near the source. The propeller, 
it was thought, might give to the sound it emits such direc 
tional properties. Fig. 4 shows a polar diagram of two 
propellers which seems to prove this assumption. Investiga 
tion on ventilating tans and Selsyn motors shows striking 
similarity. This diagram reveals that the greatest amount of 
noise is generated in the plane of the propeller. Up to 30 
deg. to either side of this plane, the noise seems to be con 
stant. The region between 30 deg. and about 65 deg. seems 
to be the “quiet” zone, showing a decrease of about 20 
Facing the propeller, a second maximum is to be 
found but of an intensity of 7 to ro decibels less than the first. 
This distribution characteristic permits us to conclude that 
the proper acoustical /ocation of such natural sound barriers 
as baggage and mail compartments is in the plane of the 
propeller. Also, it establishes a rule that the clearance be 
tween the tip of the propeller and the fuselage should be as 
great as possible (12 in. is a good figure). 


decibels. 


The Japanese investigation established that sounds emitted 
by propellers decay much faster than the accepted formula 
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of the inverse square law would indicate. The advantage ot 
placing the powerplant as far as possible from the cabin 
becomes naturally obvious. Summarizing, through the proper 
placing ot the propeller in relation to the cabin, our 12 to 18 
decibei reduction of the propeller noise component mentioned 
above may even reach 15 to 22 decibels. 


Mufflers 
In our files we have at least 30 different schemes ot 
muffler suggestions submitted by outside people. There is 


still a general idea that a muffler will silence an aircraft to a 
great extent. The U. S. Bureau of Standards proved con- 
clusively by analyses and experiments that this is not the case. 
They made a very complete investigation® on mufflers, prob- 
ably the only piece ot research published on this subject. They 
studied several types of commercial mufflers and built two 
of their own. It has been learned that a suitable collector 
and manifold will attenuate the noise emitted from an engine 
by about 10 to 12 decibels with corresponding loss of horse 
power amounting to about 1 to 2 per cent. The addition of 
a mufiler to a manifold, however, increases the attenuation 
but by 3 to 4 decibels and increases the power loss up to 4 
to 5 per cent. Considering that a muffler’s weight for, 
say, a 700 hp. engine will be in the neighborhood of at least 
50 lb. and that it will create a considerable aerodynamic drag, 
we will have to find such ways of manifolding as will noi 
decrease the overall efficiency of the airplane. Further, we 
will try again to introduce an “acoustical shadow” between 
the engine exhaust outlet and the cabin. On the Douglas 
DC-1, the three exhaust ports were kept very near the 
nacelle, under the wing. Measurements in the wind tunnel 
showed that in this particular area a low pressure would be 
found. Naturally, the gases finding least resistance will be 
exhausted with less back pressure and consequently with a 
very minute loss (less than % per cent) of power. The 
thick wing and fat nacelle form a natural barrier to sound. 
This construction seems to offer a more efficient and economi 
cal way of handling the exhaust problem than building 
mufflers which create drag and weight, increase fire hazard 
in case of a forced landing, and acoustically do not accom- 
plish very much. Fig. 5 shows a frequency analysis of a tur 
bine muffler mounted on an airplane which clearly shows 
that at the present state of design it is not profitable to use 
engine mufflers. It may be worth while to mention that the 
predominant frequency of the exhaust is 


_,1.p.m. 
a 


4 


/60, 


where n is the number of cylinders. 


Engine Clatter and Gear Noises 


Tests of early aviation engines (Hispano Suiza 180 hp.) 
and of modern engines (Wright “Cyclone” and Pratt & 
Whitney “Hornet”) indicate that engine manufacturers 
have improved their methods of assembly and final fitting 
very much. Our American engines are so well made, that 
the clatter, while still high, is not too excessive to be dealt 
with after it has been created. The acoustical engineer will 
welcome, however, any additional refinements in manu- 
facture leading to quieter engines. The air-cooled engine 
with its complete N.A.C.A. cowling seems to be the quietest 
of all types studied. It can be assumed that the enclosure 


® Air Commerce Bulletin, Vol. 4, No. 12, December, 1932. 


oe. O. Knudsen, “Architectural Acoustics,” J. Wiley and Sons. ‘1932. 
“The Silent Condor,” by the Author. Sperrvscope, Vol. VI, No. 12 


of the venturi cowling efficiently prevents the noise from 
reaching the cabin. 


Aerodynamic Noises 

Aerodynamic noises will always be present in a poorly 
streamlined airplane. Struts, wires, antennae, supports, ven- 
turi tubes and other protuberances will create whistling and 
rumbling sounds of high intensity. Since there now seems to 
be a trend toward extremely clean design with rapid obsolesc- 
ence of anything but cantilever and monocoque structures, 
it appears that we may cease tO WOrry about aerodynamic 
noises. 


Air-Borne Noises 


Any noises which originate in the cabin proper can be 
classified as air-borne noises. They are usually created by 
resonance effects of such parts as will readily respond to the 
engine frequency or a harmonic thereof. They can be elimi- 
nated completely by observing a few basic rules. All inside 
furnishings such as chairs, ash trays, magazine racks, foot 
rests, fire extinguishers, etc., should be securely attached and 
the maintenance crew should check their insulated contacts 
with the structure very frequently. Unsupported flat panels 
are a source of much unwanted noise, and it has been our 
experience that cabin panels of a size over 20 x 36 in. are 
undesirable. The method of attaching such panels to the 
structure should also be studied carefully in order to prevent 
the transmission of vibration by solid conduction. The aero- 
nautical designer will learn a great deal by adapting certain 
methods used by the building trade’. For example, on the 
Curtiss XT-32, the whole cabin structure was made floating® 
through proper shock absorbers on the main structure (see 
Fig. 6). No general scheme can be recommended, as it 1s 
obvious that the design will have to be worked out from 
case to case, depending entirely on the structure of the air- 
plane. It has become common practice, however, to attenuate 
vibration due to the powerplant through the use of proper 
resilient fittings. Flexible engine mounts, the basic theory of 
which was worked out by the author about five years ago, 
have become an accepted feature on American passenger air- 
planes. It would be beyond the scope of this paper, however, 
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Fig. 6—Inside of Cabin Structure Showing Felt Insulators 


In Curtiss Condor XT-32 


to go into the details of design and calculations of flexible 
mounts. A special paper on this subject will probably be 
published at a later date. Suffice it to say that there are two 
general schemes of flexible mounting, one placing the rubber 
fittings at the engine mount ring, the other placing them at 
the first bulkhead. Each type has its own advantages, and 
again the type of structure and design details will dictate 
which is the more suitable. Our opinion is, and experience 
indicates, that the rubber fitting should be loaded in such a 
way as to take primarily a shear stress. Then the fitting 
seems to develop greatest vibratory attenuation, with a very 
high damping under resonance conditions. It is best to rely 
on such fittings which are manufactured under controlled 
conditions, where the designer can depend upon certain 
deflections under specific loads. “Home-made” fittings may 
be worse than a solid connection®. 

Another important source of air-borne noises seems to be 
the floor. It has been a rather general practice to use the 
floor as a structural part and take through it certain minor 
shear stresses. In our opinion, this practice should be avoided. 
The loads in an airplane change constantly, hence any floor 
taking a changing load will vibrate continually. Apart from 
the noise thus created, passengers will feel this vibration 
through their feet and experience discomfort in a short time’®. 
On the Douglas DC-1, the floor does not take any such load. 
We were therefore permitted to insulate completely the floor 
from the structure, a design which is not possible if the 
floor has to form a brace for the rest of the structure. In 
conclusion, it can be said that air-borne noises will not be 
troublesome in a properly designed and properly maintained 
airplane. 


Ventilating Noises 


Sound will be transmitted most readily through openings, 
a fact which is so obvious that it does not require any ex 
planation. It is not generally known, however, that a small 
crack will transmit a disproportionate amount of noise. The 


reason for this’ is, first that the sensation level of sound is 


**Anti-Vibration Mountings for Instrument Boards,’’ by I 


Swisher 
and the Author, “U. S. Air Service.” June, 1933. 
“Riding Comfort Analysis,’ Jacklin Purdue University Monographs, 
October, 1933 
11 Patented construction 
12 Stewart and Lindsey, ‘“‘Acoustics’; also Wood, ‘‘Textbook of Sound.” 
Vol. 34, No. 2 


proporuonal to the logarithm ot intensity, and second, that 
a sound which passes through a smail opening. 1s diffracted 
so much as to spread out in ail directions trom this orifice, 
as though the smail opening were itself a source of sound. 

ln order to make the first consideration clear, let us assume 
that we have a pertectly sound-insulated airplane in which the 
level at a certain flying speed is 110 decibels outside and 70 
decibels in the cabin. Let us turther assume that an open 
ing 10 in. long is desirable to provide the necessary ventila 
tion. The noise level reaches 110 decibels atter the original 
opening has been provided, and in order to remedy the 
situation, we reduce this opening ten times, or to 1 in, 
Thus, the energy transmitted through that opening will be 
decreased tentoid, which means that the level of the trans- 
mitted sound will drop but 10 decibels, or the cabin will 
roar with a noise of 100 decibels. We go one great step 
farther and decrease the opening again ten times, or to a 
width of 0.1 in. Repeating the same reasoning, the noise will 
drop another 10 decibels, and our cabin is still noisy, showing 
instead of 70 decibels, go decibels. We would have to close 
down the opening to 1/10,000 of its original size to have the 
cabin at 70 decibels, but if an opening of 10 in. were neces 
sary to pass the amount of air customarily required for 
ventilating, it would be apparent that we would either have 
to sacrifice acoustical comfort for fresh air, or vice versa. 
This may seem very discouraging but if we study designs 
of theatres, churches, assembly halls, etc., we will learn that 
noiseless ventilation without direct openings to the outside is 
possible. By taking the air in through a duct and provid- 
ing acoustical filters'!, it is possible to attenuate ventilating 
noises to about 65-55 decibels or below that, without much 
added weight. The design of filters is not very complicated’?, 
but at present only the Curtiss Condor XT-32, Douglas 
DC-1 and Northrop Delta use them. It is hoped that the 
practice will soon become universal. From the notes on 
transmission of sound through small openings, we can also 
conclude that it is most important to keep the airplane cabin 
as tight as possible. This leads to new designs of doors, 
hinges, locks and gaskets. The accompanying photograph, 
Fig. 7, an efficient door closure where the air and 
noise are absolutely prevented from entering the cabin. Door 
designs without a positive lock, employed heretofore in air 
planes, are unthinkable on quiet airplanes. 


shows 


Our assumed airplane has been redesigned to conform 
with all the above conclusions and the noise in it will now 
be composed of the following components: 

Propeller (3-blade, geared, controllable-pitch, 


good location) 88 63.1 
Exhaust (manifold, excellent location) go 100.0 
Engine clatter and gear noises (no change, 
except for cowling) 89 79.5 
Aerodynamic noises (streamlined, no struts 
and wires) 70 1.0 
Air-borne noises (everything well secured, 
small panels) 70 1.0 
Ventilating noises (ducts—filters) 65 0.316 
95-2 344.9 


Recalling that in our original assumption the airplane had a 
noise level of 109.9 decibels, or 9340.7 arbitrary energy-units, 
we see that by eliminating about 97.5 per cent of the noise 
creating energy we have reduced the loudness but 15 decibels. 
From the above calculation, we see that quiet air travel will 
be brought about not by the reduction of one source, but by 
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attenuation of each source, by prevention of noise reaching 
the cabin by solid conduction, and by sound insulation as 
well as sound absorption within the cabin. 


Sound Insulation and Absorption 


It is highly unfortunate that fundamentals of acoustics were 
not studied by aeronautical designers many years ago. Even 
today many prominent engineers depend on the intormation 
and advice ot sales engineers who have a particular material 
to sell. The literature of nearly every concern which sells 
sound insulating material® is filled with proposed schemes of 
construction for sound insulation. Some of these schemes 
are meritorious, some very misleading and of doubtful value. 
Booklets on sound insulating materials are filled with mys- 
terious figures, diagrams and charts explaining everything 
but plausible theories confirmed by exact measurements. One 
of the principal fallacies inherent in many sound insulating 
schemes is the erroneous assumption that materials and 
methods which are effective for heat insulation are also effec- 
tive for sound insulation. 

It must be pointed out that heat and sound insulation are 
entirely separate problems, governed by very different phy- 
sical laws; and while it may happen that a good heat insu 
lator is also a good barrier to sound, no general conclusion 
can be reached that every heat insulator is also a sound insu- 
lator. Two principles are used in the control of unwanted 
sounds, (a) Sound Insulation by means of rigid, more or 
less homogeneous panels or partitions, (6) Sound Absorption 
by means of porous flexible materials. In the airplane, the 
proper combination of the two schemes seems to be the only 
one which is conductive to desirable results'*. 

A rigid partition, if placed in a sound field, will be forced 
into vibration by the impacts of the sound waves against it. 
The wall becomes thus a secondary source of sound and will 
radiate a certain amount of sound to the space adjacent to 
the opposite side of the wall. If this reasoning is correct, 
then, according to Knudsen‘, the insulation value of such a 
wall will depend primarily upon the mass or inertia of the 
wall, the stiffness of the wall, and the internal resistance or 
damping coefficient of the material. But every partition, and 
as a matter of fact, any body, will have certain natural modes 
of vibration. Thus, if it were not for the internal damping 
of such a material, the transfer of acoustical energy at reso- 
nance to the opposite side of the panel would be quite con- 
siderable. Fortunately, the damping of most materials is 
fairly high so that these resonant frequencies are generally 
flattened out. Nevertheless, rigid partitions will show a lower 
insulating value at some frequencies than at others. In other 
words, if we want to specify a rigid partition for an airplane, 
we must know not only how much of the noise we want to 
prevent from reaching the cabin, but also what type, or what 
frequencies we desire to exclude. 

The mass of a wall offers a reaction to the sound wave 
similar to the magnetic reaction of a self-inductance in an 
electrical circuit. On this basis, the mass of a partition 
ought to be the principal factor in determining the insulating 
value of the partition. In both the mechanical and electrical 
equivalent, this reaction increases with frequencv. Exhaustive 
laboratory tests conducted by Knudsen’, Davist, Mayer", 
the Bureau of Standards!®, seem to prove quite conclusively 


18 V. O. Knudsen, “‘Measurements and Calculation of Sound Insulation,” 
Tournal Acoustical Society, Vol. 2, No. 1, July, 1932. 

144T. Mayer and F. Knopfel, ‘‘Die Dierective Wirkung des Schalles,”’ 
Physicaliche Annalen, Leipzig, 1932. 

15 “*Sound-proofing of Airplane Cabins,’’ Chrisler and Snyder, Research 
Taner No. 63, Bureau of Standards 


that this outlined theory is correct, and that the insulating 
value of a rigid partition is approximately proportional to 
the logarithm of the mass per unit area of the panel in ques- 
tion. Fig. 8 shows the relation, taken as an average of results 
at frequencies of 128 to 2048 cycles. Thus, the transmission 
loss ot a rigid panel which weighs 1 lb. per sq. ft. is 22 
decibels, at 10 lb. per sq. ft. the value increases to 37 decibels, 
etc. This relation is somewhat discouraging from the aero- 
nautical standpoint, but is very enlightening to those who 
believe in magic sound insulators, such as chicken feathers 
wrapped in cellophane! There actually are aeronautical 
designers who believe in them. 

Recalling our imaginary airplane of preceding pages, we 
see that by careful design we were able to attenuate noise 
near the source to 95 decibels. Fair acoustical comfort starts 
at about 80 decibels; comfort at 70 decibels. Thus, we would 
need a cabin material giving us, in the first case, a trans- 
mission loss of 15 decibels, and in the second case 25 decibels. 
The weights would be about 0.75 lb. per sq. ft., and 1.6 lb. 
per sq. ft. A fair sized cabin measuring 20 x 6 x 6 ft., will 
have a total approximate area of 552 sq. ft. The amount of 
weight, therefore, necessary to get fair comfort would amount 
to 415 lb. For real comfort, however, 885 lb. would be 
necessary. We realize, then, that, because of the slow in- 
crease in insulation value as compared with increasing mass, 
this method of sound-proofing will not be suitable as an 
acoustical treatment of airplanes. 


The insulation of sound by porous, flexible materials, such 





Fig. 7—Door Design, Douglas Airliner Type DC-1l 


This design distributes the pressure on the gasket evenly 
and insures a perfect closure at all times. Note the felt 
“chairs” used for damping of the door panel. 
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as hair telt, Kapok sheet, or blankets, mineral wools, etc., is 
accomplished, according to Knudsen‘, by losses ot vibratory 
energy within the materiai. ihe transmitted sound wave 1s 
attenuated by viscous losses within the capuilary pores ot the 
material and by the vibration of the component parts of the 
material. It would be expected trom the nature of those 
internal losses of sound energy within the pores that the 
fractional loss through, say, the first inch, wil be the same 
as through the second, etc.‘”. In other words, it the sound 
energy be reduced ten-fold, in the passage through the first 
inch, it would be reduced 100 times after passing through the 
second inch, etc. Measurements by Davis and Littler‘, as 
well as our experiments, prove this assumption, and we may 
say that the logarithm of the energy reduction or the attenu 
ation in decibels is roughly proportional to the thickness o} 
the material. But unfortunately, porous materials, if used by 
themselves, do not provide a ver) large amount ot insulation 
unless the blanket be very thick. We cannot insulate an 
airplane by covering it with a blanket of, say, Kapok, o1 
Kapok sheets, because the thickness necessary to give an 
attenuation ol 


about 20 decibels would become si4 in. or 


thereabouts. The most effective way of obtaining high insu 
lating values is properly to combine the two known principles 
of sound insulation, 1.e., by inertial losses in rigid partitions 
and viscous losses in porous flexible materials. One of the most 
effective ways of obtaining a high degree of insulation is to 
suspend the porous flexible material in an air space between 
two rigid partitions‘. Tests made by the Bureau of Stand 
ards'® and in our laboratory on many combination panels 
show that it is possible to get insulating values as high as 
24 decibels for a weight of 0.3 lb. per sq. ft. It will be 
thought, therefore, that we will proceed now to describe our 
magic panel. The reader will be disappointed, because each 
panel tested shows a different insulating value for different 
frequency bands. Thus, unless a frequency analysis of an 
airplane is available, no definite panel can be recommended. 
Whenever we treat an airplane, we fly it first without any 
acoustical treatment, and determine the distribution of noise 
in magnitude and frequency. Then, and only then can we 
The mate 
rials thus chosen will then give maximum insulation with 
minimum weight, because of their proper location and fre 
quency response. 


recommend the necessary insulating materials. 
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Insulation in Decibels Above 244x10" Watts 











0 A! 
01 0.2 0304 0608 | 3 4 5618910 20 


2 30 40 5060 80 100 
Weight of Partition per Sq.Ft 
Fig. 8—Showing the Relation Between the Insulation 
Value of Rigid Partitions and the Weight per Sq. Ft. 
of the Partition. (Reprinted by permission from 
“Architectural Acoustics” by V. O. Knudsen; published 
by John Wiley & Sons, Inc.) 
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Let us assume that in the front part of an airplane the 


analysis shows that go decibels at 250 cycles and 70 at 512 
is the 


| 
( 


maximum disturbance; in the rear of the ship, & 
lecibels at 512 cycles is the maximum; and at 250 cycles 


per SCC., We decibels. 


have 75 Naturally, in order to get a 


good balanced spectrum, we will treat the front in such a 


way as to get maximum attenuation at 250 cycles, and in 


the rear the treatment will concentrate on the elimination of 


the 512 cycles per sec. disturbance. It would be wasting 


To make 


sound-proofing complete, it is also necessary to treat the 


weight if the front and rear were treated alike. 


inside of the cabin in such a way as to prevent any residual 
noises from building up by reverberation. Theoretically, if 
there were no absorption in a room, the noise level would 
reach the same intensity inside the cabin as it has outside’’, 
irrespective of the transmission loss of the walls. It follows 


that reverberation control is equally important. 


In working out the proper absorption scheme of the inside 
of the cabin, we have again to be very careful to use such 
materials as will absorb those frequencies which are most 
predominant in that particular airplane. Unfortunately, the 
greatest amount of noise in most airplanes is in the lower 
bands of the spectrum. That means, frequencies from 50 to 
350 cycles were most predominant in airplanes we had the 
opportunity to work on. Most acoustical absorbers known 
a low absorption coefficient at these fre 
There are practically no light-weight materials 
known which would efficiently absorb frequencies in the 
lower band of the spectrum. 


heretofore have 


quencies. 


Through the joint efforts of 
John Parkinson, of the Johns-Manville Co., and our staff, we 
were able to develop and patent a combination of two mate 
rials which weigh very little and show a remarkable sound 
absorption at the low frequencies. 

Our construction has another advantage, in that it employs 
an inexpensive fabric or any material which can be stretched. 
This material gives an exposed continuous surface which is 
smooth and strong and easily decorated. It can be painted 
with fire-resisting paint and can be washed whenever soiled. 
3ehind this stretched cloth we cement a special felt, so that 
the felt is completely concealed and cannot be seen from 
within the cabin. 


The important feature of this construction lies in the fact 


a ao a ee 
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that we have a light membrane in tension which, combined 
with a sound absorbent damping material attached to the 
back, can be readily vibrated by the sound waves. Neither 
material alone will give the desired efficiency. Fig. 9 shows 
how little efficiency thin felt possesses at the low trequencies 
in which we are interested. The membrane by itself will 
have a certain absorption at its resonant frequency, and this 
absorption will be sharply critical with frequency. The appli 
cation of the special felt, we have found, causes the absorp 
tion to be spread well across the frequency range, due partly 
to the damping effect of the felt fibres and partly to. the 
added mass reactance and what might be called an inertance 
reactance. It will be apparent that for full effectiveness this 
construction should be spaced from the wall or surface 
behind. Our experiments indicate that the greater this spac 
ing the more effective the low-frequency absorption. Our 
experiments likewise show that the heavier the felt the more 
effective the low frequency absorption. For practical pur 
poses, 14 in. to 4 in. felt will be satisfactory. The weight 
of this construction varies from 0.2 lb. per sq. ft. to 0.4 |b. 
per sq. It. 

In order to determine the amount ol absorption neces 
sary to get a specified noise reduction factor in decibels, it 
is Most convenient to determine the ratio of the intensity of 
the noise outside the cabin to the inte nsity of the noise which 
is transmitted into the room. If we denote intensity outside 
by /; and the intensity which is transmitted into the cabin 
by Js, then the ratio /,//7, will give us the reduction of the 
noise accomplished by the passage of sound waves through the 
surrounding panels, walls, ceiling, floor, etc. But the in 
tensity of a noise transmitted into a room is equal to the 
rate of flow of sound into the room, divided by the total 
absorption of the room. Or denoting by YT the total 
transmittance (sum of the transmittances of the different 


walls, etc.), and by NA the total absorption, then the true 


> \ 

noise reduction factor in decibels will be to log io. Sep 
rhe late Wallace C. Sabine was probably the first to give the building 
trade definite data on acoustical characteristics of materials. His pioneer 
k eing continued by his son, Paul Sabine, of the Riverbank Labora 
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Fig. 10—Spectrum of Noise with Douglas Airliner Type 

DC-1 at Different Speeds and Before and After Acousti- 

cal Treatment (center of cabin). Curves 1 and 3 Give 

a Direct Comparison as to the Effectiveness of Acoustical 
Treatment. 
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Fig. 11—Difference Between the Upper Threshold and 
Noise Level of the DC-1. 


Both the transmittance of our walls, windows, etc., and the 
absorption coefficients of materials used inside the cabin, can 
be obtained from laboratory tests. This formula will, as will 
be shown, reveal whether it is more economical to increase 
the noise reduction factor of a cabin by altering the construc- 
tion of the walls, etc., or by adding absorption. Before we 
analyze this formula in an example, it should be mentioned 
that absorption is expressed by units known as sabines!*, 
which is the coefficient of absorption times area in square 
feet. 


Table 1—Areas and Coefficient of absorption of 


the Douglas DC-1. 


Coefficient of 


absorption at Total 
Predominant Absorption 
Component Surface Area Frequency = x Area 
Ceiling 240 82 197.0 
Front Bulkhead 45 87 39.0 
Side Walls 260 19 205.0 
Rear Walls 65 87 56.5 
Rug 30 28 8.4 
12 passengers at 3 sabines_ - 36.0 
12 chairs at 2.8 sabines 33.6 
Parcels—trim, curtains 15.0 
Total Absorption =A in sabines = 599 sabines 


Table 2—Areas and Transmittance of Component 
Surfaces of Douglas DC-1 


Transmission 

Component Surface Areas Coefficient x Area 
Cabin including floor 805.0 0.000678 0.5454 
12 Windows and 2.25 sq. ft. 27.5 0.00875 0.2400 
Doors—very good closure 24.0 0.00024 0.0496 

Total Transmittance =T 0.8350 
- , F , : 
Noise reduciion factor in decibels , o 


= Absorption 





= 10 log, > Transmittance 


= — = 707, but log,, 707 = 2.509 or 


25.09 decibels 
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different circumstances, it might be more economical from 


=_J 
fea) 





a weight standpoint to decrease the transmittance of the walls. 
In any event, the formula and method of calculation described 
above will give the proper answer. This reasoning also 
proves conclusively that double windows are of little value 
in making airplanes quieter. 
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It will no doubt be interesting to show what an efficient 
acoustical treatment can accomplish. Thus, we will describe 
the results of our work, as found by actual measurements, on 
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Decibels Above | Millibar (24.4x 10 “*Watts) 








68}-—+—_+_++_++_+ + 1 the T.W.A. Douglas DC-1, which was sound-proofed in 
Se ae accordance with the above theories. 
Gliding Power OFF 
66 52 Db.at 100M PH. 
+ + | 
64L_1} Table 3—Spectrum of Noise of the Douglas DC-1 
0 040 150 160 T10 190 200. 210-22 


180 I 
h 


; at Different Speeds; also before and after Acousti- 
oOpeed,m.p a 74 > 
cal Treatment at 75 per cent Power 
Fig. 12—-Noise Level of the DC-1 Plotted as a Function Benita te Decibels Decibels Decibels 
of Corrected Air Speed (All data corrected to sea level). it 66. st 7 at 100 at 75 
Per Ceni Log. Per Cent Log. Per Cent Lox Per Cent Log 
Power Power Power Power Power Power Power Powe: 
_ After Equiv- After Equiv- After Equiv- Before Equiv 
lhe measured noise level betore the acoustical treatment Acous- alent Acous- alent Acous- alent Acous- alent 
. ee tical Arbi tical Arb tical Art tical Arb 
was started showed about 95 decibels (see Fig. 10, Table 3); od say Sk ao Soe oe Se. a 
thus, we could expect a noise level in the cabin of 95 ~~ 7 ment Units ment Units ment Units ment Units 
1—0-64 50 1.00 52 ~~ 1.59 56 3.16 74 252 
70 decibels. Our calculation agreed very closely witl ty _ , 
70 decibe ur calculation agreed very closely 1 the > 64-128 62 1590 64 25.20 66 39.80 90 10000 
actual results obtained by careful measurements. } 198.956 64 25.20 66 39.80 70 100.00 86 3920 
Let us now assume that we have another 60 lb. available 4—256-512 62 15.90 63 20.00 72 159.00 91 12500 
© “19 9 956 yi 7¢ 795 
and want to use this weight for the improvement of acousti > 512-1024 60 10.00 61 12.50 70 100.00 19 ‘7s 
* We | ; ’ 6—1024-2048 55 3.16 57 5.01 62 15.90 83 2000 
cal comfort. e have decided either to decrease the trans- 7 _ 994949906 53 2.00 36 3.98 60 10.00 78 631 
muttance by installing double windows or to install 300 sq. ft. 84096-8192 50 1.00 54 2.52 59 7.95 81 1250 
ot sound absorbing material. In the first case, the transmit Total 69.2 86.16 70.7110.60 76.4 435.71 95.05 31,800 


tance through the use of double windows would be decreased 
from 0.0087 to 0.0074 and VT will become 0.794, thus the 


decibel reduction In Fig. 10 and Table 3, we give a trequency distribution 
S 


570 ; at different power ratings, taken in the center of the cabin. 
10 login > om 25-49 decibels, or in round figures, Naturally, we took a trequency analysis in each bay of the 
25.5 ee ~ et decibel for the weight of 60 Ib. (assum ship, but the middle of the cabin should be sufficiently repre 
ing a very light safety glass weighing 2.4 lb. per sq. ft. As  Sentative of the situation. It can be seen that the different 
there are materials showing a coefficient of absorption of 0.6 ‘Tquency components have been attenuated proportionately 
weighing around .2 lb. per sq. ft., we will get an addition to the annoyance effect on the human ear. Thus, in Fig. 11, 
of of 200 180 sabines by using them, and the total Which has been plotted in an entirely original way, we see 
lees ei te te income the advantage of the balanced noise spectrum. In this graph 
<0 we plotted the differences of the noise level of the DC-1 from 
10 login > ac 28.7 decibels, or tor the same weight the upper threshold, where the sound becomes paintul. It 
835 


‘ , ; can be seen that the curve thus obtained is almost a straight 
as in the first case over 3.5 decibels can be gained. Unde i 


line and that the amplitudes of the various frequency com 

















ee Airliner,” by the Author, Western Flying, September, 19 ponents are within a comfortable zone, or, in other words, 
ea. ore there is an equal amount of protection from painful sounds 
14, ve a ees ee es at all audible frequencies. 
| | It has been observed that noise in transportation increases 
P72 generally with speed'®; the airplane is not an exception to 
s this rule. Fig. 12 shows this relation. As the speed passes 
To 10 200 m.p.h., the slope of the curve increases rather rapidly, 
ce due no doubt to the increase of the tip speed of the pro 
& peller, and hence a disproportionate amount of propeller noise 
is generated. 
= When making noise level comparisons with other vehicles 
= 66 . Pr ee 
= or other types of airplanes, the speed should be taken into 
g consideration. Thus, it is generally mentioned that the 
=" London-to-Paris airplanes are extremely quiet. This is per 
£ fectly true, the noise level being about 66 to 68 decibels; but 
5 62 we should also mention that these airplanes cruise at about 
go m.p.h. The DC-1 at this speed would show a noise level 
© “F000 a000 0008000 ToDGD 12900 14p00 e000 1900 zaG00 Of about 60 decibels, or less. 
Altitude, ft From our previous experiments, we suspected that the 
Fig. 13—Decrease of the Noise Level with Increasing noise level decreases with altitude. We endeavored to test 
Altitude (All data corrected for instrument error). this on the DC-1 and Fig. 13 shows how the nois: level is 
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Fig. 14-—-Noise Level Distribution of the DC-1 at 75 Per Cent to 80 Per Cent Power (12 passengers; 


affected by altitude. The curve tollows somewhat the torm 
of a logarithmic or exponential one. The curve as plotted 
could be interpreted up to 8000 ft. as a straight line. From 
this point a decided falling off ot the decibel readings takes 
place. Owing to the fact that the noisemeter used reads but 
to 1 decibel, it cannot be concluded at this time whether this 
relation is due to the decrease of power from 8000 ft. and up, 
or whether it is due to the decrease of density with altitude. 

Fig. 14 shows the longitudinal and the transversal distri 
bution of noises at 75 per cent power. It can be seen that 
the noise is somewhat higher on the right side of the ship. 

This fact is due to the exhaust being on the near side of the 
cabin. As the mail compartment is located on this side, it 
is believed that under operating conditions, with this space 
filled with bags, this phenomenon will disappear, bringing 
the total average noise level to 69 decibels. 

Conversation in normal tones of voice is taken in this ship 
as a matter of course. In one of our tests, a portable gramo- 
phone was taken on board, and the music was distinctly 
heard by all passengers. 

The total weight of the material used for the acoustical 
treatment did not exceed the specified weight allowance of 
200 lb., or about 15 lb. per passenger. This includes the 
walls and ceiling of the cabin. If no sound-proofing were 
used, we would still have to have some weight allowance for 
inside coverings. A ship of the size of the DC-1 would need 
about 100 lb. for such a trim; thus, the additional weight 
which was spent to give the passengers that to which they are 
entitled, i.e., reasonable freedom from excessive noise, 
amounted to 100 lb., or to 7.5 lb. per passenger. 

In summary, it can be safely said that the airplane industry 
has today means at its disposal to make airplanes compare 
very favorably in noise characteristics with other vehicles of 
transport. But acoustical treatment should start the moment 
the general specifications of the airplane are laid out. It is 
hoped that those airplane manufacturers who still believe 
that acoustical work on airplanes is a matter of magical mate- 
rials will soon realize that it is a question of design, because 
the time when an airplane passenger will refuse to travel in 
an airplane where the noise exceeds 75 decibels is very near. 

In this investigation, the generous cooperation of Eastern 
\ir Transport. Transcontinental & Western Air, the Curtiss 
and Douglas Companies, is highly appreciated, and space 
does not nermit us to acknowledge our indebtedness to all 
the individuals who helped to put an end to the era of “ear 


Vice-rresident in charge of engineering. Sperry Gyrosenpe Co.. Tne. 
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no mail nor baggage). 


cotton.” The author would be untair, however, if he did 
not express his deep appreciation of the help and guidance 
received from P. R. Bassett'®, without whose ‘vision there 
would be no quiet airplanes flying today. 


Car Radio Design 
Brings New Problems 


HE frequency characteristics of automobile radio re 

ceivers are in general poorer than good home receivers 
(leaving out of consideration the smaller midgets), although 
the balance of high and low frequency responses must be 
carefully controlled so that the result in the car is pleasing. 
High fidelity receivers have no place in the automotive field 
at present, as they would not show up any better than other 
receivers under the operating conditions and would cost 
considerably more. 

The power input of an automobile receiver is a factor which 
the designer has to watch much more closely than does the 
designer of a home receiver. With the home receiver the use 
of 25 or even 50 per cent more power from the electric light 
system to secure minor desirable operating characteristics is 
not a serious thing and is never noticed by the owner. The 
same percentage increase in power consumption from the car 
battery over what is required for satisfactory characteristics 
may be very disagreeable to the car owner. 

Compactness with good operating characteristics is essen- 
tial to the car radio, whereas many home radios are designed 
with a large chassis just to look large even though the actual 
amount of apparatus does not require such size. In home-type 
receivers a large baffle area provided by the cabinet is pos- 
sible and desirable to enable the reproduction of the funda- 
mental low frequencies. Compactness should not be carried 
to extremes at the cost of operating satisfaction. 

Car receivers must also be designed to have a minimum 
pick-up of interference from the car electrical system. 

Obviously, the design of a small receiver for car service 
with the above mentioned requirements is a considerably 
greater problem than the design of a home receiver, and for 
that reason the recommendations of the radio engineer as to 
size (within reason), tubes, power supply, etc., should be 
heeded. 

—Excerpt from a 1934 Annual Meeting paper by Virgil M. 


Graham, radio engineer, Stromberg-Carlson Telephone Mfg. 
Co. 


February, 1934 
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Chassis Lubrication Problems 


By A. J. Blackwood and A. C. Spencer, Jr. 


HE success which has tollowed the 


cooperative WOrK 


on motor fuels, motor 


lubricants and gear lubricants, 


o 


particularly during the last few 
proot ol the 


vears, is undeniabk 


benefits to be derived from cooperation on 


problems of mutual interest to the automotive and petroleum 
industries. in the S.A.E. on the chassis 


better 


The recent activity 


lubrication question is a sure 


sign ol 
on this long suffering problem. 


days to come 

The requirements of chassis lubricants have not been clearly 
defined nor even agreed upon generally by the car manuta 
turers, and the petroleum industry has been working under 
a serious handicap in trying to adhere to the conflicting recom 
mendations that now exist. A picture showing the various 
phases of the problem in correct perspective should be forth 
coming when both sides of the question are seen simulta 
neously as a result of the work of the chassis lubrication 
committee. 

The subject of transmission and rear axle lubricants has 
recently been given special study by a number of investigators 
and is therefore considered beyond the scope of this paper. 
We shall deal chiefly with the lubrication of those parts 
of a car which are serviced in the routine “greasing” at a 
service station, and shall attempt to present the picture as 
seen by the service station attendant, along with some of 
the laboratory work on the problems brought to the attention 
of the research staff and general comments on the problem 
as a whole. 

Except for automatic and one shot systems on a few makes 
of cars, the lubrication of the chassis parts is largely manual 
and consequently is apt to be neglected. The car owner is 
frequently negligent about having his car serviced regularly, 
and, when wear occurs at unduly short mileage, blames 
either the lubricant or the car manufacturer. When he does 
have it serviced regularly, the possibility of over- or under 
lubrication still exists, since there is no positive assurance 
that the correct lubricant was used, or that the design is such 
as to insure lubrication provided the proper lubricant is 


[This paper was read at the 1934 Annual Meeting of the Society.] 
Mr. Blackwood is in 


charge of the motor fuel and lubrication testing 
laboratories, Standard Oil Development Co. 
Mr. Spencer is technical assistant in the grease testing department, 


Standard Oil Development Co 
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used. It 1s one thing to have regular 


competent service and 


1 ] 
tne propel lubricant: and quite another as to whether or not 


point and 


the lubricant reaches the proper | 


prevented ron 


leaking out within a few hundred miles 

lo illustrate the confusion existing on the question ot 
} : ] ah ] aha } | : 
chassis lubrication Table 1 is shown, giving the lubricant 
recommendations of a tew 10922 cars. A survey of all the 
current passenger car manuals shows over roo different lubr: 
cants recommended. 

[t is immediately apparent that car manutacturers are in 


wide disagreement on what the lubricant is tor 


Also it 1S obvious that S¢ veral have 


proper 
various parts. no definite 
recommendation and simply designate gear oil or grease 
and hope for the best. Add to this the fact that some cars 


have over 50 points to lubricate while others—in the 


Same 
price class—have under 15, and the picture is even more 
obscure. We do not mean to insinuate that the fault rests 


entirely on the car manufacturer. If there were less mystery 
about the manufacture and properties of greases, the problem 
of making recommendations would be simplified. Moreover, 
the total number of greases put on the market by the major 
oil companies, jobbers, and the specialty products people 
certainly do not tend to lessen the confusion. Simplification 
of design and standardization on lubricant recommendations 
by car manufacturers would seem to be the first steps neces 
sary in arriving at a satisfactory solution of the problem as a 
whole. 

At the present time, the multiplicity of products recom 
mended and the wide variations prevalent in location and 
number of parts to be lubricated have made it necessary for 
the oil companies—if they conscientiously attempt to follow 
the recommendation of each car manufacturer—either to pre 
pare, or to have prepared for them, individual charts for each 
car as it comes on the market. In fact, preparing such charts 
and selling them to the oil companies has become a profitable 
business in itself. This system is both expensive and on the 
whole unsatisfactory. There is delay between the appearance 
of the car on the market and the printing and distribution 
of charts, although efforts to get advance information on 
new models is tending to reduce this delay. 

In addition, changes in lubricant fitting location, addition 
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of fittings or removal of other fittings and changes in lubri- 
cant recommendation are frequently made by a manufacturer 
without official notice or even changing their own instruction 
book lubrication chart accordingly. More or less of necessity, 
the oil company service station lubrication charts generally 
abide by the car manufacturers’ recommendations as to fre- 
quency of lubrication and kind of lubricant to be used, and 
are frequently in disagreement with what the oil company 
technical staff might recommend. 

Before proceeding further with the general discussion, a 
brief description of the major units requiring lubrication is 
essential. A complete analysis of each part will not be 
attempted; only the more important things as seen by the 
oil man, together with broad recommendations covering 
design changes and type of lubricant best suited for the aver- 
age conditions will be given. 


Starter, Generator and Distributor 


These parts are among the most accessible units on a 
car and usually offer no lubrication problem. Starters and 
generators are usually equipped with either hinged or slide 
cover oilers and a few drops of oil at regular intervals are 
sufficient. The car manufacturers’ recommendations for dis 
tributor shaft lubrication include heavy oil, pressure-gun 
grease and cup grease, even though the design and the make 
of distributor are similar. 

It would seem a simple thing to have more uniformity in 
this respect since there is no particular lubrication problem 
involved. Over-lubrication of the shaft sometimes results 
when using grease, and an excess may interfere with the auto- 
matic spark mechanism. There is no reason why a motor oil 
should not be satisfactory for this service if the design and 
location of the unit are given careful attention. 


King Pins, Drag Links and Tie Rods 


Correct lubrication of these units is of utmost importance 
since upon their proper functioning depends the ease of steer- 


ing and ultimately the safety of the people in the car. The 
construction of these units up to 1934 has been practically 
identical on all cars, yet manufacturers’ recommendations 
have varied widely. There is considerable room for improve- 
ment with regard to the location of the lubricant fittings 
so that they can be reached without turning the wheels; an 
operation which is generally difficult on the usual car lift. 

On two popular makes of cars, over-lubrication of the king 
pins will permit excess lubricant to reach the brake linings in 
cases where the tell-tale vent is clogged. 

These parts on a car operate under relatively light loads 
and very slow movement of the parts. In addition they are 
exposed to dirt and water. Under such conditions a grease 
consisting of a low viscosity oil and a water resistant soap 
made up to medium consistency should be entirely satisfac 
tory. The oil company service station people urge more uni- 
formity in regard to lubricant type and recommended 
frequency of lubricant application to these parts. 

With independent springing of the front wheels being 
introduced on a number of 1934 cars, radical changes have 
been made in the design of steering parts. This would seem 
to be an excellent opportunity to initiate a program of 


uniformity by car manufacturers in regard to lubricant recom 
mendations. 


Springs and Spring Shackles 


It has been said that 80 per cent of chassis lubrication 
service is rendered because the car owner hears a squeak in 
the springs or spring shackles. This means that most car 
owners use audibility as a guide to regular lubrication rather 
than any fixed schedule set by the car manufacturer. 

Lubrication of the spring leaves ordinarily consists of 
either spraying or painting the lubricant on the side of the 
leaves, or in the case of the enclosed spring, through grease 
fittings provided. A few cars use inserts so that lubrication 
is not required. 


The shackles operate under extremely severe conditions. 


Table 1--Lubricant Recommendations of Seven Representative 1933 Cars 


Car Shackles Distributor 


A “U” Type—500 Miles 2000 Miles— 2000 


Light Viscous Grease Light oil in cup 


Winter—S.A.E. 110 Viscous Grease 
Summer—S.A.E. 160 


Steering Clutch Universal 
Miles— 500 Miles—1 oz. Light Packed for life— 
Needle bearings 


B Tryon Type—500 Miles 1000 Miles No, 234 500 Miles—Trans- Whennecessary Trans- Lubricated from 
S.A.E. 160 Transmission Oil Cup Grease in cup’ mission Oil S.A.E. mission Oil S.A.E. 160 transmission 
160 
C Pin Type—1000 Miles 1000 Miles—Motor 2000 Miles—Three 1000 Miles— 2000 Miles—Mobil- 
Pressure Gun Grease Oil in cup brands steering Motor Oil grease No. 5 or 
(See Note 1) gear lubricants equivalent 


recommended 


D “U” Type—1000 Miles 1000 Miles—Light 500 


E “U” Type—1000 Miles 500 Miles—one turn 6000 
Semi-Fluid Chassis Lubricant of Grease Cup—Me- Gear Lubricant 


dium Fibre Grease 


F Pin Screw—1000 Miles Type 1000 Miles—Cup 1000 


Miles—Steering 1000 Miles 
Heavy Oil Oil Gear Oil 





Light Oil — = 


Miles—Fluid 6000 Miles—Medium 10,000 Miles—Fibre 


Fibre Grease Grease 


Miles—Trans- 1000 Miles—Engine Lubricated from 


Transmission Oil Grease mission Oil Oil transmission 
G “U” Type—1000 Miles 1000 Miles—No. 214 2000 Miles S.A.E. 160 No lubrication Semi-annually— 
Pressure Gun Grease Cup Grease and 90 Oil required Universal Joint 


Note 1.—This manufacturer recommends Cup Grease for Drag Links at 1000 Miles—Oil Cups 
S.A.E. 30 Oil at 1000 Miles. 


Grease 


on King Pins use 
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Fig. 1 


The 
ing to a sedan with five occupants. The vertical displace 


Spring Shackle Lubricant Testing Machine 


springs in position have an initial load correspond 


ment of the center when in motion can be varied widely 
and, by adjustment of the bell cranks in the drive mecl 
inism, severe twist can be exerted to simulate side sway 
of the car. Temperatures, leakage and wear are measured 


They are exposed to dirt and water, carry heavy unit stat 
and shock loads and the parts move slowly with respect to 
one another. Operating temperatures approximate atmos 
pheric temperatures except for the friction heat developed. 
On the shackles predominate, 
although other types such as the Tryon (plain and felt washer 
types), plain pin and bushing, ball-bearing, and rubber ar 


in use on a large number of cars on the road today. 


more recent cars, screw 


The screw shackles are of two general types, the threaded 
bolt and bushing and the U-type. The latter seems superios 
with regard to leakage since the lubricant must travel the full 
length of the thread from the fitting end to the open end. 
Factory recommendations include both fluid lubricant and 
pressure-gun grease on similar designs. In laboratory tests 
of 50 hours duration the two types of lubricant give equally 
satisfactory results excepting for leakage. When using pres- 
sure-gun grease the leakage is about one-fifth that obtaining 
for a fluid lubricant (S.A.E. 160 transmission oil). The spring 
shackle lubricant testing machine used by the Standard Oil 
Development Co. is shown in Fig. 1. 

The Tryon shackle manufacturers recommend any good 
lubricant of the 600-W type for use in both the plain and 
Car 
this shackle are uniformity for fluid lubricants. Our tests on 


felt washer type. manufacturers’ recommendations on 


this type of shackle have shown the following: 


Observations at End of Test 


Amount of Lubri 


Condition of cant Remaining in 


Lubricant Type Searing Surfaces Pin 
600-W Dry and dirty \lmost empty 
S.A.E. 160 trans- Poor lubrication 
mission oil and dirty Almost empty 
Pressure gun grvase Good lubrication 
film Half full 


The above results were obtained on the plain type shackle 
but clearly den »nstrate the superiority of the grease lubricant. 
Since the plain and felt washer types are similar in outward 
appearance, our service stations abide by the manufacturers’ 
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lubricant recommendations and use the fluid 


oil. 


transmission 


While plain pin and bushing shackles are gradually dis- 
appearing from modern cars there are a large number of 
cars equipped with them on the road today and their lubrica 
tion is a distinct problem and will be for several years. 
“Frozen” joints are common and are extremely difficult to 
service. Badly worn pins make good lubrication difficult since 
leakage is excessive. 

Ball-bearing shackles require disassembling and cleaning 
in order to lubricate them satisfactorily; consequently servic 
ing cannot be done at the 


station. 


ordinary oil company service 

Rubber shackle squeaks bring trequent complaints to ser 
vice stations. After having a car lubricated, the owner fre 
quently blames the service station job if the squeak persists 
An alteration in the design to facilitate application of a suit 
able lubricant to the rubber joint without dismantling the 
unit is desirable. 


In addition to and rain, 


the increasing use otf high-pressure water cleaning methods 


water road surfaces 


Irom wet 
has emphasized the necessity for a water resistant lubricant 
in certain chassis parts. 

lubrication 


The general problem of shackle 


would be 
simplified if the car manufacturers would design their equip 
ment for pressure-gun grease. Satisfactory lubrication would 
be assured with a well-made product consisting of a medium 
viscosity oil and a water resistant soap such as calcium Or 
aluminum. Such a product would reduce jeakage, be resistant 


to water, and provide adequate lubrication 


Steering Gears 


W hile 


iever;: 


there are three 


types ol cam 


steering years and 


worm and roller; and worm and sector—the principles 
of operation and bearing construction are quite similar for 
all. In light passenger cars an ordinary engine oil probably 


is adequate to handle the lubrication of the unit provided 


leakage does not occur. In heavy duty truck and bus opera 


tion the service is much more and of late many 


operators have found it expedient to use an extreme pressure 
lubricant. 


severe 


The most common customer complaint is lubricant leakage 
either from the Pitman arm joint or at the lower end of the 
control rods from the steering wheel. Leakage should be 
easily overcome by improved design of the gear housing. 
Occasionally car instruction manuals recommend seasonal 
lubricant changes, but usually provide no means for draining 
the housing without dismantling the unit. Under these cir 
cumstances, the usual oil company station does not attempt 
this service. 

Most cars provide a filling plug which must be removed 
and replaced by a suitable fitting before the lubricant can be 
added. In some designs the moving parts inside the housing 
come so close to the inner wall that the usual pressure fitting 
cannot be screwed into the hole. Where a fluid lubricant 
is recommended the fill hole should be large enough to 
permit seeing when the proper amount of lubricant is in the 
housing. A source of annoyance on some cars occurs when 
the part is lubricated through a pressure fitting and the 
excess lubricant is forced up the steering column and leaks 
out the end onto the upholstery or upon the occupant’s 
clothing 


Our recommendation for 


this unit would be a_ heavy 
fluid grease preferably of the extreme-pressure type, with a 
recommendation that car manufacturers provide drain plugs, 


Ol} 
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adequate sized filling plugs at the proper lubricant level, 
and an improved design to prevent leakage of such fluid 
lubricants. 


Clutch Release Bearings 


Lubrication of this part has been a subject of debate tor 
many years. Failure ot the ciutch release bearing due to lack 
of lubricant or damage to the clutch plates from over-lubrica 
tion are frequent sources of trouble. It should not be difficult 
for the car manufacturers to locate the fitting so that it 
can be easily reached from under the hood without the 
necessity of removing floor boards, plates or pans on the 
under side of the car. 

Up to 1933 improvement in these respects had developed 
to a point where on only a few cars was it necessary to do 
extra work to lubricate the clutch release bearing. Conse 
quently its lubrication was usually included in the regular 
lubrication job. Some of the 1933 cars have again made it 
difficult to lubricate this fitting and on such cars it is common 
practice to make an additional charge. As an example, on 
two makes of car it requires 45 min. to remove the cover, 
lubricate clutch release bearing, and replace the cover. The 
time can be reduced to 20 min. by using wrenches of special 
design. There is no reason, however, why more than 3 min. 
should be necessary. It is true that this design was probably 
intentional on the part of the car manufacturer to guard 
against over-lubrication. On the other hand it is common for 
car owners to put off such jobs due to the time and additional 
expense involved at the service station, and consequently there 
is likelihood of the part suffering from lack of lubrication 
rather than over-lubrication. 

It would seem preferable that the fitting be placed under 
the hood rather than under a removable plate in the driving 
compartment floor. When servicing a car using the latter 
design, grease is frequently transferred to the upholstery while 
the attendant is lubricating the clutch release bearing. 

Due to dissatisfaction registered by car owners, both as 
to the extra charge and the extra time necessary to lubricate 
clutch release bearings on certain cars, car manufacturers 
should give serious consideration to the design of this unit 
as regards lubrication. The fitting should be readily accessible. 
To guard against over-lubrication the instruction manuals 
might call for lubrication twice a year (based on an average 
of 10,000 miles per car owner per year) with an oil reservoir 
which will take care of 50 per cent additional mileage. In 
addition, instructions could be given to lubricate more often 
if driven over 10,000 miles per year. There is no evident 
reason why it should be necessary to lubricate this fitting with 
grease, and seemingly the part could be designed on all cars 
to use a motor oil. 


Wheel Bearings 


It has been claimed the damage caused by lubricant leakage 
from wheel bearings to the brake drums and brake linings 
is responsible for over 50 per cent of brake relining jobs. Even 
with special chemical cleaning facilities, it is almost impossible 
to restore to satisfactory condition a lining which has become 
saturated with grease. 

A tew years ago the ordinary calcium soap greases were 
suitable for wheel-bearing lubrication. Basic design of wheel 
bearings has not changed materially in several years. How- 
ever, with the adoption of four-wheel brakes, smaller wheel 
sizes, and higher driving speeds, wheel-bearing temperatures 
are very much higher and require a grease having better heat 
resistant properties. 


Front-wheel bearings can be lubricated in any of three 
ways: 


1. The hub cap is removed, packed with grease and re- 
placed. This method is unsuitable as frequent repetition will 
soon fill the entire hub and force the lubricant out the back 
end onto the brake lining. 


2. Some manufacturers provide a fitting or a plug in the 
hub, usually at the center, through which the lubricant 1s 
torced. Eventually the housing becomes full and end leakage 
results as above. 

3. The wheel is removed and the bearings washed, packed 
with lubricant, and replaced. This method is the safest and 
surest way to avoid lubricant leakage to the brake lining. 


Very few oil company service stations can employ the third 
method since trained mechanics are necessary to replace 
properly the bearings and wheel. Car manufacturers should 
give serious thought to making it easier to lubricate front- 
wheel bearings. 

Many wheel-bearing lubricant tests have been made in the 
Standard Oil Development Co. laboratory on a simple set-up 
as shown in Fig. 2. It consists of two ball-bearing assemblies 
set face to tace on a bed plate and separated by a heavy coil 
spring to provide a thrust load. The assembly is driven by 
an electric motor and the tests run at approximately 70 m.p.h. 
with a thrust load of 1400 lb. A transite board box with 
electric heaters can be slipped over the entire assembly to 
obtain elevated temperatures. Fig. 3 shows the clean ball 
bearing assembly. Fig. 4 shows the bearings after a 60 hr. 
continuous test using a pressure-gun grease. This particular 
lubricant thinned out at 120 deg. fahr. hub temperature and 
separated soap was present on the retainer and several bear- 
ing parts. On other tests cup grease of about No. 3 grade 
was run and severe soap separation was observed. Fig. 5 
shows the bearings after a 255 hr. test (200 hr. at 80 deg. 
tahr. and 55 hr. at 120 deg. fahr., air temperature) on a good 
heat resistant soda soap grease. 

Tests carried out at air temperatures up to 240 deg. fahr. 
with certain types of grease showed satisfactory lubrication 
without leakage or separation. To obtain such stable products 
as this, manufacturing methods are usually more important 
than the grease composition. 

Rear-axle wheel bearings are generally lubricated through 
fittings on the axle housing. Some car builders provide auto- 





Fig. 2—Wheel-Bearing Lubricant Testing Machine 
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matic lubrication from the differential. From the service point 
of view this practice has considerable merit, since with good 
lubricant retainers at the outer end, leakage to the brake 
lining is not likely to occur. 

Our general recommendation for wheel bearing lubrication 
would be a good heat-resistant grease of medium consistency, 
such as might be made from soda soap, and a fairly viscous 


mineral oil. Here again the performance of the product 











Fig. 3—New Bearing for Use in Wheel-Bearing 
Lubricant Testing Machine 





Fig. 4—Bearings at End of 60-Hr. Test in 
Wheel-Bearing Lubricant Testing Machine. 
Pressure-Gun Grease. 1400 lb. Thrust Load; 


800 r.p.m., about 68 m.ph.; room temperature 
80 deg. fahr.; spindle temperature 120 deg. fahr. 
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would be largely dependent upon manutacturing skill rathe1 
than upon exact quantity specifications. 


Universal Joints 


Of all the chassis parts, universal joints probably get the 
most abuse and are the greatest sufferers from neglect. Lubri 
cation requirements are very severe due to high bearing pres- 
sures, high speeds and loads, and a centrifugal action which 
tends to throw the from the The more 
modern units are better designed to take care of leaka 


oe 
ge. 


lubricant joint. 
With the needle type of joint the lubrication interval is 
greatly increased. 

When servicing universal joints which are enclosed with 
a leather boot some difficulty has been encountered due to 
bursting of the boot. When carefully serviced this, of course, 
should not occur. 

While the universal joint manufacturer usually provides 
readily accessible httings tor lubricating the joints, Car manu 
facturers are not always careful in so locating nearby part: 
that the lubrication fittings can be serviced easily. On one 
particular car, due to the location of the brake equalizer rod 


it is impossible to remove the 


screw-head plug unless a 
special screw driver with a short right angle 


g gle bend near the 


blade end is used. 
There are wide both the lubricant 
recommended and the mileage intervals recommended by th« 


individual car 


Variations in type of 


even tor the 


manutacturers Same type o 
universal joint. Standardization on these points would be 
highly desirable. 

A number of cars use a torque tube drive shaft with one 


universal joint at the forward 


end receiving its lubricant 
from the transmission. Frequently the lubricant runs down 


through the torque tube to the differential 


and eventually 





End of 255-Hr. 
Lubricant Testing Machine. 
Soda-Soap Base Wheel-Bearing Grease. 800 
r.p.m., about 68 m.p.h.; thrust load, 1400 Ib.; 
air temperature for 200-hr. period, 80 deg. 
fahr.; for 55-hr. period, 120 deg. fahr.; spindle 
temperature for 200-hr. period, 120 deg. fahr.; 
for 55-hr. period, 155 deg. fahr. 


5—Bearings at 


Fig. 


Wheel-Bearing 


Test in 


- 


h 
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along the axle housing to the brake drums. When this occurs, 
service station attendants are frequently blamed tor over 
lubricating the rear-wheel bearings. 

Due to the service expected of universal joints, our recom 
mendation would be a properly manutactured heat resistant 
type of soda soap grease of fairly heavy consistency, using a 
moderately heavy mineral oil base stock. 

While spline shaft joints are frequently neglected, they 
present no_ particularly dificult lubrication problem and a 
satisfactory water resistant lubricant will work well at this 
point. Fluid lubricant seems preterable due to its ability to 
work around the shaft circumference from the point of appli 
cation. A worn shaft may require a heavier lubricant, such 
as pressure-gun grease, to minimize leakage. 


Water Pumps 


Of those water pumps which require lubrication there 
are two general types, one requiring a waterproot type ol 
grease and the other either oil or pressure-gun grease. Com 
plaints by customers on water-pump leakage are due usually 
either to poor packing or insufficient taking up of the pack 
ing nut—thus relying too much on the grease to stop the 
leak. Over-lubrication or use of the incorrect lubricant results 
in contamination of the water circulation system with re 
sultant clogging. 

There are no specific recommendations to make as to the 
best lubricant since most suppliers have satistactory water 
proof grease for the type of pump requiring it and an ordinary 
mineral oil or light pressure-gun grease is satisfactory for the 
other type. By uniformity in design, one lubricant would 
suffice for all water pumps. 


Shock-Absorbers 


Most manutacturers of shock-absorbers either recommend 
a special product available at their service outlets or give 
general recommendations involving products other than 
hydrocarbon oils. While service stations do not make a prac- 
tice of servicing shock-absorbers in general for these reasons, 
it would be desirable to have the units designed to handle 
mineral oils so that they could be serviced regularly during 
greasing jobs. Our experience has been that leakage fre- 
quently occurs and the car owner neglects servicing the unit 
inasmuch as he must make a special visit to his dealer. 

As a matter of fact, investigation of the special prod 
ucts sold or recommended for shock-absorbers indicates that 
the equipment makers are basing their recommendations 
mainly on the pour point of the product, whereas change of 
viscosity with change of temperature is the significant thing. 
The more constant that factor is, the more satisfactory the 
product for changes in atmospheric conditions. We might 
point out that several oil companies could now supply special 
low pour products having temperature viscosity characteristics 
particularly well suited for shock absorber use. 

In 1929 C. W. Spicer’ presented a paper on the subject of 
chassis lubrication with particular reference to the suitability 
of greases of different types for use in universal joints. He 
showed inspection and analytical data for seven lubricants, 
five of which were satisfactory and two which were not satis- 
factory. Examination of the data for the two unsatisfactory 
products shows no outstanding difference from the satisfac- 





1Better Chassis Lubricant, 1! 
1929, pp. 604-608. 

2? Proposed Standard Classification for All 
Refiner and Car Owner, by H. C 
Nov. 30, 1933, pp. 13-14. 


y C. W. Spicer; see S.A.E. Journat, June, 


Chassis Lubricants to Guide 


Mougey; see Oil & Gas Journal, 


tory ones. This brings up the question of manutacturing 
processes in grease making. 

‘The technique of making satisfactory and stable greases has 
been and to a great extent still is, a question of the grease 
works having a master grease blender who from long ex- 
perience has acquired a certain degree of skill and knowledge 
relative to the temperatures, procession of ingredients and 
their proper proportions for making a good grease. As might 
be expected, when the quality ot the saponifiable oils, or 
the viscosity characteristics of the mineral oil used in making 
up a batch of grease change, the final product may vary 
widely in its character and pertormance. In all probability 
had Mr. Spicer selected the same products at a later date, 
some of -the satisfactory ones would have become unsatistac- 
tory and vice versa, even though the same formula was used 
in their manufacture. In other words, grease making today is 
more an art than a science. Progress in the “art” of grease 
making is tending toward the substitution of scientific con 
trol for rule of thumb methods in manufacture with re 
sultant improvement in quality and uniformity of products. 

In many respects, setting up control specifications for 
greases is analogous to setting specifications on a special grade 
of metal. You may specify your ingredients and your heat 
treatment, but small deviations in either markedly affect the 
resultant product. Furthermore, the deviations when dealing 
with complex hydrocarbons greatly exceed those when the 
sumple elements of iron, cobalt, nickel, etc., are considered. 

We have seen some revolutionary changes in the matter 
of gear lubricants during the past few years and the question 
naturally arises as to whether similar changes might not take 
place in the field of chassis lubrication. Little has been done 
relative to what can be aceomplished in the way of making 
extreme-pressure chassis lubricants by the addition of such 
things as sulfur, lead, chiorine, and the like, to the conven- 
tional soap greases. In a broader sense, we may even look 
torward to revolutionary changes in products now classed as 
greases. 

For example, the aviation industry for many years was 
confronted with the problem of lubricating rocker arms with 
a grease which would “stay put” under extremely hot con- 
ditions and in a location where it was almost impossible 
to prevent leakage. All of the conventional greases were tried, 
varying the amount and kind of soap and mineral oil without 
a great deal of success. Finally a radical departure from con- 
ventional greases was made and a product was developed 
having essentially the characteristics of a grease without its 
disadvantages. Tests by engine builders, fleet operators, and 
private investigators have shown it to be a superior product. 
This is simply mentioned to indicate what the trend may be 
in specialized grease manufacture. 

The Committee on Chassis Lubrication sponsored a paper 
presented by H. C. Mougey” before the American Petroleum 
Institute in which a tentative proposal was made for classify 
ing greases. As can be seen from the foregoing, this is not 
a simple problem. While the oil viscosity, per cent and kind 
of soap, and penetration number of the finished product can 
be set, there is still no assurance that the finished product will 
be satisfactory. Many of the major companies could and 
would exert sufficient control over the manufacture of their 
products under such a set of specifications as to insure a satis- 
factory result. On the other hand, many could not do so. 
Furthermore, the more progressive manufacturers could 
supply products which would not meet the proposed quan- 
titative specifications, but which would give performance 
equalling or excelling the performance of the best products 
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in a given classification. Incidentally, the special aviation 
rocker arm lubricant previously mentioned would not be 
included in any of the Committee’s proposed classifications 
since, strictly speaking, it is not a grease in the sense that it 
contains no metallic soaps. 

We believe these factors are well recognized by the com 
mittee working on the problem of classification of greases and 
will be carefully considered in formulating their proposals. 

It would appear that a method of classification involving 
only the properties of the finished product might better serve 
the purpose than any quantitative specifications on mat 
rials. Such a classification in skeleton form might be as 
follows, with the different S.A.E. classifications being deter 
mined by operating conditions and types of vehicles (pas 
senger cars, trucks, buses): 


S.A.E. No. X Y Z, etc. 
Water resistance Good Good Fair or none 
Hot tenacity Not important Not important Good 
Stability Fair Fair Good 
Consistency Light Medium Heavy 

Many oil companies have methods of rating greases in 


terms of water resistance, hot tenacity, stability and consis 
tency, and through the cooperative efforts now under way, 
a suitable set of standard tests may well be developed. 
Ultimately it may be necessary to augment the above by 
practical machine tests such as are used for extreme-pressuré 
lubricants. 

The advantages to all concerned of having the design 
of chassis parts such that a minimum number of lubricants 
is required for complete lubrication, and of having standard 
ization among manufacturers on their lubricant recommenda 
tions, should be obvious. Cars so designed would require 
four lubricants only—a gear oil for the transmission, differen 
tial and certain chassis parts; a motor oil for the engine and 


certain oil cups; a water resistant grease tor king pins, terods, 


shackles, etc.; and a stable high temperature grease 


> 


for whee 
bearings and universal joints. 


One problem of considerable importance to the proper 


servicing of a‘car, and one which merits the 


attention ol 
the car manufacturer, is the question of prope rly staggering 
the intervals between greasings. At present certain parts are 


recommended for service at 5300 miles, others at 


The different 
in the recommended interval on the 
After the car is a few 


1500 and 
some only every 5000 or 10,000 miles. 


Vary 


cars 


widely same part 


and has been 
serviced several times, the average owner loses all remem 


brance of 


clutch release bearing were last lubricated. 


thousand miles old 


how long it has been since such parts as the 


The 
addition, the average 
grease job includes service to all parts except wheel bearings 
and clutch release 


result is 


either over- or under-lubrication. In 


, regardless of the car manufacturer's recom 
mendation. It follows that a car owner who gets a grease job 


every 500 miles probably gets proper lubrication on spring 


shackles and over-lubrication on such parts as universa 
joints. 
It has been said that the ideally designed car is on 


on which all parts reach the end of their useful life simulta 
neously. By the same token, a properly designed chassis 
should be one on which all parts require lubrication at the 
same mileage intervals. This is perhaps asking too much, but 
a step in the right direction might be to have certain parts 
lubricated annually, others semi-annually 


of average yearly mileage; e. 


based on statistics 
g., about g500 miles per year 
and the remainder on a specified mileage basis. 


Uniformity 
in this regard would be appreciated by the men doing chassis 


lubrication and we believe by the car owner. 


The oil companies are ready to meet the problem of chassis 


lubrication than 


more half way—but 


a clearer definition is 
needed of what the present problems are and what the future 
problems will be. 


Facts Relating to Cold-Weather Lubrication 


SPECIAL committee of th 


Lubricants Division of the Societ 
otf Automotive Engineers was authorized at the June 28, 1933 
meeting to collect and study available data on cold-weather 


motor lubrication. This committee, of which W. H. Graves is chair 
man, reports the following, based on well authenticated facts 
1. Cold things 


starting difficult at low temoperatures. 


weather does three 


which, together, make engine 


(a) It decreases the battery output, thus 


cranking speed and ignition efficiency; 


reducing both engine 
(b) It retards fuel vaporization, thus making it more difficult to 


get a satisfactory mixture for starting; 


(c) It increases the viscosity or body of the oil, thus reducing the 
cranking speed. 
The cranking speed of an engine, other things being equal, 1s 


dependent upon the viscosity or body of the oil in the engine at the 
Starting temperature. 
it may be 


If the oil is too heavy at the 


starting temperature 
impossible to start because of 


| ; f 
dragging effect of the ol 
The car owner should make certain that the oil will all 


the lowest temperature expected to be encountered. Failure to 





in the engine an oil sufficiently low in viscosity may mak tarting 
impossible 

2. The safe low limit of viscosity or body to lubricate the engine 
is very low, if the engine is in good mechanical condition and provided 
in adequate supply of oil is maintained in the crankcase and sup 
to the bearing surfaces. Light-bodied oils satisfactory for cold-weather 
starting are sufficiently heavy to prevent burned-out bearings or worn 


cvlinder blocks, even in warm weather. Worn cylinder blocks are more 


often due to using too heavy an oil rather than too light an 


vil, because 
of inadequate distribution during the warm-up period 
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4. Oil consumption increases if the viscosity or body of the oil in the 
engine is decreased, but usually to a I extent than is generall 
expected. However, when using low-viscosity oils it is desirable to check 
the level of the oil in the crankcase more frequently than when using 
oils of higher viscosit 

Oil consumption is largely dependent upon speed of driving. For 


example, road tests comparing winter grade 


f oil with heavy summer 
grades show that the difference in oil 


onsumption 1 than that 


no more 


obtained by reducing driving speed from 2 to 10 m.p.h 


at high speed 





While the use of lighter-bodied oils may slightly increase oil consumy 
tion, particularly on warm days, the saving in cost made by using the 
heavier oils will usually be offset by increased gasoline consumption due 
to greater drag of the heavier oil 

Heavv-bodied oils are sometimes used to reduce engine noise in 
cars 1n poor mechanical condition. This practice has some merit, but 
10t with cars in good mechanical condition. If light oils are proper] 
¢ 1 when the car is new, the car mileage obtained before nois 
develops will be greater than when abnormally heavy oils are used 

Present gasolines witl ood volatility and low end-points, used 
in cars equipped with crankcase ventilation, jacket water temperature 

etc., result in | crankcase dilution than in the past. These 
I illow tl use of hter-bodied oils without excessive ot 
tion or noise. Crankcase dilution is no excuse for using heav 


an effort to meet this cold-weather situation, the 
hed for information and trial two new cl 


oils—10-W and 20-W. To obtain the m 
formance the 


S.A.E. ha 


lassincation for winter 


St satisfactory engine pe! 
lubrication recommendations given in the car 


turers’ instruction books and oil companies’ charts 
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A New Instrument Devised for the 
Study of Combustion 


By C. F. Taylor’, C. S. Draper’, E. 


N the course of studies of pressures and pressure fluctua 
tions in the cylinders ot internal combustion engines, a 
new instrument has been developed which promises to 
become a useful tool tor studying combustion and detonation. 


Diaphragm Element 


Essentially, the instrument consists of a small diaphragm 
exposed to cylinder pressure. Motion of this diaphragm is 
imparted to a coil ot wire which moves axially in a radial 
magnetic held. ‘The electromotive torce, generated by the 
coil motion, may be amplified and analyzed by means otf an 
oscillograph, or the energy output may be integrated by means 
ot a suitable instrument. 

The element is shown in Figs. 1 and 2. It consists of a very 
light coil of wire, 4, wound on a magnesium spider, M, which 
is supported a magnetic field by the steel diaphragm, D. 
Che magnetic field is furnished by coil, E, wound on a soft 
iron core, C. The magnetic path is completed through the 
outer shell of the instrument, S$. The leads to the coils are 
brought in through the Bakelite block, /, and cooling air is 
introduced through the tube, T. The diaphragm is directly 
exposed to engine cylinder pressure, and the change of pres- 
sure during the engine cycle results in a corresponding move- 
ment of the diaphragm and coil. This motion sets up an 
electromotive force in the coil which is proportional to the 
coil velocity. This velocity would be proportional to the rate 
of pressure change in the cylinder if the diaphragm and coil 
had no mass. The extent to which this ideal condition is 
approached depends upon the relation of mass to stiffness in 
the system; i.e., to its natural frequency characteristics and 
damping. 

Frequency Response 


The natural frequency of the diaphragm and coil combina 
tion, as at present constructed, is about 10,000 cycles per sec. 
If the imposed forces vary with frequencies near this amount, 
the frequency will be indicated, but the response of the dia- 
phragm will not be true either in phase or in amplitude. As 
the frequency of the imposed forces becomes less than 10,000 
cycles, the accuracy of response will improve both in phase 


{This paper was read at the 1934 Annual Meeting of the Society.] 
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and amplitude, approaching complete accuracy as the tre- 
quency of the imposed torces becomes relatively low. 

It is necessary, also, to consider the frequency response ot 
the system used to measure the electrical output. A combina- 
tion of amplifier and oscillograph, to be described later, have 
been used for this purpose. The frequency response of this 
system is shown by Fig. 3. It would be desirable to design 
these instruments so that their response would be the same 
over the entire range of frequencies to be measured. This, 
however, has not yet been found practicable. 

With the present equipment, however, it appears that accu 
rate measurements of frequency should be possible up to 
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Fig. 1—Sectional View of Diaphragm Element of Rate 
of Change of Pressure Indicator 





Fig. 2—External View of Diaphragm Element 
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Fig. 3—Frequency Response Curve of Amplifier and 


Oscillograph Combination 


10,000 cycles, and that the instrument will respond with 
excellent phase accuracy, and with an amplitude very nearly 
proportional to the magnitude of the applied forces, below 


about 2500 cycles per sec, 


Amplifier 


The amplifier consists of an ordinary capacity coupled radio 
amplifier, together with special matching transformers. Such 
an instrument can be purchased in the open market. The 
instrument used should be capable of accurate calibration and 
should maintain this calibration over considerable periods of 
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time. The source of current for the amplifier at present in 


use is the ordinary 110 volt alternating current lighting system. 


Oscillograph 


The oscillograph which has been used at M. I. T. 1s one 


especially designed for engine research”. It uses motion pic 
ture film and is capable of recording a considerable number 


of successive cycles on a single strip of film. 


Output Meter 


When it is desired to have merely a measure of total energy 
output in contrast to a detailed time record of diaphragm 


motion, a simple output meter may be used. For this purpose 


a special Rawson alternating-current galvanometer, which is 





Record 6 
SS eT | PA ON 
Fig. 4—Oscillograph Records 


highly damped in order to provide a steady reading in spit 
of the cyclic irregularity of the input, has been found 


Satisfactory. 
Oscillograph Records 


In Fig. 4 record a was taken with the oscillograph, trom an 
Record b is a 


Above 


engine running with no audible detonation. 


record of distinctly audible, but not severe, detonation. 


Fig. 5—Flame Pho- 
tograph (Cour- 
tesy of J. P. Elting, 
M.I.T.) Flame was 
photographed on a 
revolving _ film, 
through a slot ex- 
tending across the 
cylinder head. Up- 
per row of dots 
represent time in- 
tervals of 1/500th 


sec. 
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these records is shown a typical pressure-time indicator dia- 
gram in order that the relation of the “rate-ot-pressure change” 
record to the usual pressure-time diagram may be more readily 
observed. Since this instrument responds primarily to rate of 
change of pressure, the deflections caused on the oscillograph 
record by the ordinary cyclic variations of pressure in the 
engine cylinder are small as compared to deflections caused 
by detonation, wherein the rate of pressure change is very 
large. 

That the frequencies shown are the true frequencies of the 
pressure fluctuations in the cylinder gas is very well estab 
lished by comparison with flame pictures such as that shown 
in Fig. 5. Simultaneous readings of the frequency of the 
oscillograph record and the frequencies shown by the flame 
photograph show the same frequency in both. 


Pressure Fluctuations Due to Resonant Sound Waves 


C. S. Draper has done considerable work with this instru 
ment in an attempt to verity the hypothesis that resonant 
pressure or “sound” waves within the cylinder gases are 
responsibl for the sound ot detonation. These resonant 
waves set up a forced vibration ot equal frequency in the 
cylinder walls and these in turn are responsible for th 
atmospheric sound waves characteristic ot the detonation 
phenomenon. 

In order to check this theory mathematically, calculations 
ot the probable resonant frequencies in two different engines 
were carefully made. The data necessary for such calculations 
included the dimensions of the combustion chamber, which 
was cylindrical in each case, the position of the piston, the 
density and specific heat of the cylinder gases and their pres 
sure at the point in question. Density was computed from 
an estimate of the weight of charge induced by the engine 
Specific heats were estimated from the most reliable available 


data, and the temperatures were estimated from the pressure 


6“A New High-Speed Engine Indicator,” E. S. Taylor and C. S. D ‘ 
Mechanical Engineering, March, 19 
7 “Detonation as a Physical Process,” C. S. Draper 
“A Suggested Method of Correlating Road and Lal atory Detonati 
Test G. L. Willian 
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rig. 6—Resonant Frequencies in Two Gasoline Engine 
Cylinders, Calculated and Observed 
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time curve taken simultaneously with an M. I. T. electrical 
indicator®. The computation of these resonant frequencies 
involved careful and laborious mathematical treatment, for 
which due credit should be given Mr. Draper. 

In Fig. 6, the results of the computations of resonant fre 
quencies are compared with the frequencies observed by means 
of the instrument-and-oscillograph. The agreement between 
theory and observation is surprisingly good, and we believe 
it establishes the validity of the theory that the sound of 
detonation is caused by resonant vibration of the cylinder 
gases. A more complete treatment of this question is to be 
published at an early date’. 


Use as a Pressure Indicator 


It seems possible that the instrument can be developed for 
use as a pressure-time indicator by means of a circuit which 
would integrate the rate of change of pressure curves. Such 
integrating circuits have been developed for other purposes, 
and a study is now being made of the possibility of their 
application to this problem. An instrument using this system 
would be able to indicate individual cycles, and the cylinder 
unit would be exceptionally simple and compact. One out 
standing advantage would be that the calibration of the instru- 
ment would not vary with time or temperature. Initial deflec- 
tion of the diaphragm, due to temperature effect, would not 
affect the calibration of the instrument, and, within the range 
of temperatures to be expected, the modulus of elasticity of 
steel is practically constant. 


Use as a Knockmeter 


The instrument may be used as a detonation meter in con- 
junction with the energy meter, already described. When 
used in this way, it is found to give readings over a range of 
intensity varying from completely inaudible detonation to an 
intensity considerably greater than that ordinarily used with 
the Midgely bouncing pin®. 


February, 1934 








62 S.A.E. JOURNAL 


(Transactions) 








100 
Intensity varied from 
———M.1.T. Knock Indicator inaient to Severe 
95 |- — —Souncing Pin — Detonation as recommended 
- for Bouncing Pin 
3, 90}-— ae TE ier soe 
we | ° } 
! 
Cracked Gasoline 
. im 85 ii 
co 80 — | 1 Gasoling 
Pe cracked l= — 
eh) i i 
3 15 f———}—__}___}_ 
So Straight Run 
co o--? Gasoline 
ga 7 = wie 
o 
Ww) 








| 
} 
+ -- ++ 
| 
| 
| 


4.50 


4.15 
Compression Ratio 


5.00 a in 


Fig. 8—Knock-Rating vs. Knock Intensity 

In Fig. 7 are plotted typical curves of knockmeter reading 
against compression ratio, as obtained with this apparatus. 
These curves represent Standard Reference Fuel mixtures, of 
equal knockrating according to the calibration curves fur 
nished with the fuels. The curves indicate that, although 
these fuels appear to be equally good at the knock intensity 
corresponding to bouncing pin usage, in the range of milder 
detonation there is considerable difference. Subsequent knock 
rating tests have shown this difference may be as high as 8 
or 10 octane numbers in some cases. 

These curves also show that the standard practice of increas 
ing the compression ratio one unit above “incipient” detona 


Noise Studies Now 
Important in Design 


OISE suppression or silencing has taken a foremost 

place in car development due to the increasingly 

more exacting standards of excellence demanded. 
The noise problem in automobiles did not become really 
In addition 
to accentuating, in most cases, the “mechanical” noises found 


acute. until after extensive use of closed bodies. 


in cars—such as rattles, knocks, gear noises, etc.—introduction 
of the closed body has made the silencing problem more dit- 
ficult by bringing into the picture another type of noise, 1. e.. 
“drumminzg”—a low frequency noise periodic in character 
and associated with resonance phenomena. These periodic 
noises are especially pronounced in the closed body because of 
the formation of acoustic patterns within the body and reso 


nance of the body panels. 


As it became apparent that silencing of motor car operation 
was to become a very important factor in engineering tech 
nique, the General Motors Research Laboratories early em 
barked on a series of studies to determine the source of these 
noises and provide means for their suppression. The investi 


gation included studies on engine balance, engine mountings, 


intake and exhaust silencing, and other related studies. 


Sources of periodic excitation of body noises may be due 
to: vibration of the engine on its mountings and the trans- 


Vol. 34, No. 2 


tion, for knock-rating with the bouncing pin, must result in 
the use of rather large differences in knock intensity, depend 
ing upon the characteristics of the fuel used, and on the ability 
of the observer to detect small amounts of detonation. It is 
evident that such differences may involve considerable error 
in the process of knock-rating. 

Fig. 8 shows the effect of knock intensity on the knock 
rating of two fuels. Bouncing pin knock ratings are included 
for comparison. The knock intensity usually used with the 
bouncing pin is much higher than that which would ordinarily 
be allowable in motor cars. The new instrument gives very 
satisfactory results at detonation intensities comparable with 
those used in the knock-rating of fuels on the road. 

In addition to its adaptability to a wider range of knock 
intensity, this instrument has the following advantages as 
compared with other instruments proposed or in use for the 
same purpose: 


1. The cylinder unit is simple and small in size. 


2. It can be used in any position with respect to the hori 
zontal. 


3. The auxiliary equipment is relatively simple and inex 
pensive, the most complicated item being a small amplifier, 
commercially available at reasonable cost. 


4. The unit is not adjustable and since the calibration does 
not change with time, a given knockmeter reading will always 
indicate the same intensity of detonation. Hence, it may be 


used as a standard of knock intensity. 


It is believed that this instrument will be found a valuable 
tool in many problems involving combustion and detonation 
research. It is, of course, subject to further development and 


rehnement. 


mission ot such vibrations to the body, mechanical 


OUL-Ol 
balance of any part of the drive train, the cooling tan, the 
tires, and exhaust and intake system resonance 

Certain periodic noises were traced to engine vibration ind 
lack of isolation of the engine from the trame. 

The harmonic crankshaft balancer 
Motors 


was one of the General 


Research contributions to better balance to 


aid in suppressing these noises and, likewise, the two-plane 
crankshaft as used on certain types of V-8 engines. 


engine 


Very 
extensive work was done on engine mountings. Engine 
mountings have been developed progressively as the public 
The 
noises produced by vibration of the engine and its mountings 


were readily eliminated by reducing the 


demand for better silenced automobiles has increased. 


Irequency ol the 
engine on its mountings below the driving range. This was 
accomplished by the use of progressively softer rubber mount 
ings. 

With the improvement in engine balance and better isola 
tion of the engine from the chassis and body and better bal 
ance throughout the drive train, improved fan design, and 
better body insulation, the lack of silencing in the exhaust 
and intake became more apparent and offensive. It began to 
be realized at this time that many of these periodic noises 
were oftentimes produced from different sources even thougt 
to the observer they were of the same character. 

Excerpt from a 1934 Annual Meeting Paper bv |. O. 
{]lmen and FE. E. Wilson, General Motors Research Labora 
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External Broaching Future Visioned 
from Study of Current Practice 


By Joseph Geschelin 


Engineering Editor, “Automotive Industries” 


ECAUSE of the wide interest in external 

broaching as a primary production process in 
automotive plants, the Production Activity of the 
Society asked for an investigation of the present 
status of the art so that production executives in 
general may have a better understanding of the 
possibilities of the method. 


For many reasons the entire approach in this 
paper is based upon the evidence offered by a 
large and representative group of applications 
in actual operation in various plants scattered 
throughout the industry. On this basis, Mr. 
Geschelin says, this survey of the potentialities 
of external broaching should be unprejudiced 
and free of generalities. Moreover, the conclu- 
sions drawn are based, more or less, upon demon- 
strated performance. 


T the International Automotive Engineering Congress 
last year, C. E. Bleicher, master mechanic of the 
Chrysler Corp., made a valuable contribution to pro 

duction engineering in presenting his introductory paper 
“External or Surface Broaching” in which he defined external 
broaching, outlined its manifold advantages in the way of 
reducing costs, increased accuracy, quality of finish, and so 
forth, and also gave a thumb-nail sketch of future develop- 
ments. As Mr. Bleicher pointed out, external broaching has 
become the most important competitor of the production 
milling machine. The analysis in the present paper indi- 
cates that the process goes even further by encroaching upon 
the hitherto unquestioned provinces of related processes. 
Considering external broaching as a technical process which 
is undergoing development and refinement during a period 
of rapid expansion, I think it would be premature to gen- 
eralize about its ultimate possibilities or its effect upon the 
other production processes which have been so firmly en- 


{This paper was read at the 1934 Annual Meeting of the Society.] 
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trenched in automotive production shops. Suffice it to say that 
external broaching has made tremendous strides in the auto- 
motive industry and in a relatively short time has attracted 
attention in many quarters. On the basis of the evidence 
accumulated for this paper it can be said, that many large 
plants are experimenting with it and those who have had 
experience with it are contemplating additional applications. 
Perhaps the best measure of this activity may be gained from 
the fact that a relatively large group of machine tool builders 
have developed new and improved broaching equipment. 


Summary of Applications 


In view of the large number of applications covered in 
this paper, it has been obviously impractical for me to study 
them personally, and for this reason I feel rather fortunate 
in having enlisted the cooperation of a group of people who 
not only undertook to collect the data but also generously 
provided photographs and drawings of individual applica 
tions. 

In Table 1, | have summarized some of the more essential 
data on a group of about thirty-five applications out of about 
sixty that were reported; it represents familiar parts and 
familiar operations most of which have been handled on 
milling machines for many years. The work ranges from 
simple finish-facing operations on small parts to the finishing 
of accurately controlled cam contours and the broaching of 
accurately finished semi-circles which are said to assemble 
into perfect bores. We also find a number of examples of 
roughing and finishing gear-tooth profiles for sectors. 

Perhaps the most spectacular applications are those which 
are being developed for finishing very large flat surfaces such 
as the faces of cylinder blocks and the recessing of main 
bearing caps which, with the exception of the last operation, 
heretofore required large table or drum-type milling machines 
to meet the demand for productivity. 

While it would be rather interesting to compare each of 
these applications on the basis of productivity, cost, quality 
of finish and tool life, with former methods, it is not pos- 
sible to do so because such information is not yet readily 
available. However, comparison can be made in one instance 
through the cooperation of E. J. Hunt, master mechanic. 
Plymouth Motor Corp., who has provided data on their four 
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external broaching operations in the very complete detail 


below. 
No. 1-2-3-4 Crankshaft 
Brinell 187 


Broach joint face and ends to size on Foote-Burt No. 1 
Surface Broach 


Bearing Caps—Gray Cast lron—Maximum 


Duplex 


(2) Tilting fixtures: 
Part locked in place in fixture by lever operated cam 
Average surface broached 6.609 sq. in. 
Average material removed 0.6212 cu. in. per cap 
Broaching production per hour 398 caps, all caps 
Average caps per grind—31,50 


No. 4 Crankshaft Bearing Cap—Gray Cast Iron—Maximum Brinell 187 


Broach step in joint face for gasket on a V-2 (12 ton) 


American 
Horning Type Hydraulic Broach 
Z r 
Fixture holds 2 caps in line horizontally 
Parts locked in place by quick-operating screw with hand whi 
Total surface broached 4.21 sq. in. 2 cap 
Total material removed 0.221 cu. in.—(2 cay 
Production per hour 772 cay broach) 
Average caps per grind—+35, 
Milling production per hour caps (1st operation 
Milling production per hour 2 caps (2nd « t 
1-2-3 Caps 
Milling production per hour 60 « »nd operat \ ( 
Connecting Rod—Drop forged steel—Brinell 228 to 
Broach large end ol rod to width over lt bho mn () 
Sped. (12 ton) Sideplate Broacl 
Fixture holds 2 rods in ibove t 
Parts locked in place with on 
Total surface broached 1.85 sq. in. (2 rods) 
Total material removed 87 cu. in 
Production per hour 490 rods br 
Average rods per grind—21,¢ 
Production per hour 234 rods M 
Cylinder Block—Cylinder Cast Iron—1 I 
Broach bearing cap surfac bottom of block 
Fixture holds 1 block. Block ro into fixtur 
is then lowered into place over two dow I 
in place. 
Total surface broached 13.65 sq. in 
Total material removed 1.71 cu. in 


Production per hour 112 Blocks (Broach) 
Average, blocks per grind—7oo« 

Production per hour Mill 1st operation—15 
Production per hour Mill 2nd operation—15 


Broach Design 


As pointed out by Mr. Bleicher, at the present stage of 
the game it is difficult to say very much about the trend in 
broach design or the design of broaching machines particu 
larly when we consider that standardization of any kind is 
neither practicable nor advisable at the moment. 

On the basis of the data at hand I find that practically 
all of the surface broaches used at present are of high-speed 
tool steel and generally of built-up sections to provide for 
simple and economical replacement. The length of the broach 
may run from 12 to 61 in., and even larger, four 61-in. 
broaches being used to finish the segments of the motor hub 
job shown in Table 1. Only experience will show whether 
further advantages may be gained from the use of other 
types of tool materials, also the practicability of using inserts 
of some of the cemented carbides for certain classes of work. 

While the length of the sections in a sectional broach 
depends entirely on the nature of the individual job as well 
as on the problems involved in making the segments, it is 
said that such sections vary rather widely between 6 and 14 
in. in length. 

Fig. 1 shows two types of flat, sectional broaches made 
by the American Broach & Machine Co., used in connection 
with jobs to be described later. The wide broach at the top 
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Two Types of Flat. Sectional. High-Speed Steel 
Surtace 


Broaches Made by American Broach & Ma- 


chine Co. 


is made in two pieces; it is approximately 
14 1M. 


16 in. long and 
I wide when the two sections are assembled together 
This is used in broaching a cylinder block face. Broaches 
at the lower end are used for broaching the slot across the 
engine bearing caps, Fig. 9. 

Fig. 2 shows a sectional combination broach made by the 
Ex-Cell-O Aircraft & Tool Corp. for connecting-rod opera 
tions. In Operation 1 it is used to broach the large bore of 
the connecting-rod end and the two faces across the end of 
the rod. The broach is also used for Operation 3 which 
finishes the corresponding surfaces on the bearing cap. As 
indicated in section BB, the center section of the broach is 
of semi-circular form while the two outer broaches, C and D, 
are flat. The three sections are of the same length so that as 
the finishing insert is worn undersize the first section on the 
roughing end is removed and all inserts are moved forward 
one section while a new finishing section is inserted. After 
this the entire broach is reground. Round broaches are so 
designed that they are interlocking as shown in Section AA. 
A male projection is provided on one end and female pro- 
jection on the opposite end of each insert. When two sections 
are joined together, a locking screw is inserted which draws 
the two round sections together and locks them together 
against the main channel of the broach. The round broach 
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inserts are provided with cutting teeth around the entire diam 
eter and as the teeth become dull on one side the locking 
screws are removed, the broach is turned 180 deg. and 
locked as before. 

Each broach requires 18,000 to 22,000 lb. pull as they 
remove about 7/32 in. of metal per side on the half round 
surface, both the rod and cap being broached from the rough 
forging. Estimated production is about 300 pieces per hr. per 
broach; estimated number of pieces per sharpening is about 
15,000. 


After the two parts are broached they are assembled and a 
short sizing broach is used for finishing the hole. This broach 
is provided with replaceable sizing shells on the end as the 
hole is specified to be held within 0.0003 in. and must not be 
out of round more than 0.0002 in. 


Fig. 2a shows the broach used by Houde Engineering Corp. 
for rough broaching the 1.261 in. diameter on shock-absorber 
wingshaft forging and for finish broaching the same part 
to 1.247 in. diameter. Rough and finishing broaches have four 
high-speed steel sections as shown inserted in each side rail— 
each section is 3% in. long; each section of the roughing 
broach has 11 cutting teeth. ) 


The first section in the roughing broach is ground to a 
uniform taper from 1.349 to 1.327 


.327 in. diameter; the second 
section trom 1.327 to 1.305 in. diameter; the third section 
from 1.305 to 1.283 in. diameter; the fourth section from 


1.283 to 1.261 in. diameter. Sections are resharpened by 
grinding from 12 to 15 times. Approximately 18,000 pieces 
are rough broached for each sharpening. 


ao 






The first three sections in the finishing broach have 11 
cutting teeth, the fourth section has 14 cutting teeth. The 
first section is ground taper from 1.270 to 1.255 in. diameter; 
the second section from 1.255 to 1.248 in. diameter, the third 
section from 1.248 to 1.247 in. diameter. The fourth section is 
ground straight to a uniform diameter of 1.247 in. Sections 
are resharpened from 12 to 15 times by grinding. Approxi- 
mately 10,000 pieces are broached for each sharpening. 

Based on current practice I find that the surface speed 
of external broaches ranges from 18 to 33 ft. per min., 
the variation no doubt taking into account the nature of the 
work, the material, and design of the machine. 

While it would be rash at this stage to make any definite 
statements concerning the probable life of the broaches, we 
have at least a good approach to the question in the figures 
given in column five of Table 1 which lists the number of 
pieces per grind. This measure of tool life varies from 800 
pieces per grind in the case of a semi-circular cutter form 
for the differential case pin bearing, to 60,000 pieces per 
grind in roughing the teeth of a coarse tooth steering sector. 
Note that in the Plymouth operation, which we know to be 
truly representative of mass production, tool life between 
grinds runs from 21,000 to 31,000 pieces. In the case of the 
cylinder blocks with the broach taking four intermittent cuts. 
widely separated, the life between grinds is 7000 pieces. 

As an index of the ability of the external broaching process 
to remove stock and control finished size, in Table 2 is 
given a summary of some of the available data bearing on 
these points. 
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Fig. 2a—Broach Used by Houde Engineering Corp. on Shock-Absorber Wingshaft Forging 
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Broaching Machines 


When it comes to the design of broaching machines we 
find trends running in many directions, since the art is now 
going through a formative stage. Thus we find in use at the 
present time, a variety of vertical machines, horizontal ma- 
chines, and some continuous horizontal machines. In the 
vertical type we find both hydraulic and rack-and-pinion 
feeds. 

One of the most interesting features of the present develop 
ment of external broaching is that for experimental purposes, 
short runs, or moderate production it is possible to use 
broaching machines of very simple construction, often utiliz 
ing an obsolete screw press so long as it has sufficient stroke. 
While this is an advantage at the start, obviously it is not 
an economical procedure if the maximum advantages are to 
be derived in the way of productivity and cost reduction. In 
fact, as this paper is being written I understand that a 
number of machine tool builders are about ready to release 
new types of production broaching machines especially de 
signed for external broaching. 

Fig. 3 shows a view at the operator's loading position, 
of a continuous type machine supplied by the Foote-Burt 
Co. This type is said to be very successful in handling large 
production runs on relatively small work. The operation 
shown consists of finishing the two joint faces and the two 
outer edges of a connecting rod cap at one pass through the 
broach. 

The first fixture in the view is open ready for the operator 
to drop a connecting rod cap into the fixture, locating two 
back bolt bosses on the tool steel buttons. The second fixture 
shows the cap in position; likewise the third fixture. The 
fourth fixture is in position being equalized sidewise, and at 
the same time the automatic trip hammer locks the vise 
firmly, gripping the connecting rod cap. The work is now 
ready to pass through the broaches for the cut. 

Work holding fixtures are arranged with a heavy anvil 
support directly behind the cut which forms the fixed jaw 
of a vise. The other jaw which is movable is actuated by 
a wedge, using a fast angle for position and a slow angl 
for locking. The locking is accomplished by releasing a 
hammer below on the end of the locking wedge, and the 
pressure of this hammer is built up against a heavy spring. 
After the work has passed through the cut, another cam on 
the opposite side of the fixture tunnel presses against the 
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Fig. 3—Continuous Type Broaching Machine Made by 
Foote-Burt Co. (View Shows Operator’s Loading 
Position) 


opposite end of the wedge thereby releasing the work in the 
fixture. At this point the work automatically falls out. 

On the connecting rod cap the production is 1800 per hr., 
at 100 per cent efficiency. The tool cutting speed is 25 cutting 
ft. per min. 

Special Applications 

Before proceeding with a detailed examination of the 
various applications summarized in Table 1, it will be inter- 
esting to single out two particular developments and consider 
them separately. The first of these is the application of 
external broaching to the finishing of large castings such as 
the cylinder block; the other, roughing and finishing of gear 
teeth. 

On the cylinder block the outstanding example is the opera 
tion at Plymouth in which four main bearing cap surfaces 
are finished in one pass of the broach. No details of the 
equipment are available. However, a similar job has been 
worked out by the Colonial Broach Co. in cooperation with 
Oilgear. Fig. 4 shows the fixture and broach, the fixture 
being bolted to a standard Oilgear machine. The line bear 
ings are finished to limits of plus or minus 0.0005 in. remov- 
ing 0.032 in. on three sides of the previously rough-machined 


surfaces. A production of from 75 to 80 pieces per hr. is 


ee 


Fig. 4—Colonial Broach Co. 
Fixture Bolted to Standard 
Oilgear Broaching Machine, 
a Set-Up Designed for Appli- 
cation of External Broaching 
to Finishing of Large Cast- 
ings such as the Cylinder 
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Fig. 5—Machine_ de- 
veloped by American 
Broach & Machine Co. 
for Finishing Top Sur- 
face of Cylinder Blocks 


Description 
Shift Rail 
Shock-Absorber Wing 
Clutch Lever 
Clutch Dise 


Differential Case Pin Bearing 


Steering Support Arm 
Connecting Rod 
Connecting Rod 

Gear Sector 


Steering Sector 


Clock Base 


Crankshaft Bearing Cap 


Crankshaft Bearing Cap No. 4 


Connecting Rod 
Cylinder Block 


Motor Rotor Hub 
Bearing Cap 


Shock-Absorber Wings 
Universal Joint Rings 
Connecting Rod 
Speed Reducer Rings 
Cylinder Block 
Clutch Lever 

Coarse Steering Sector 


Free-Wheel Clutch 
Free-Wheel Cam 
Connecting Rod 
Steering Sector 
Balance Weight 
Connecting Rod 


Universal Shaft Joint 


Shock-Absorber Part 
Connecting Rod 
Valve Rocker Arm 
Rod Shackle 
Connecting Rod Cap 
Steering Spindle 


Shock-Absorber Cam 
Steering Column Clamp 


Starter Head 


Differential Gear Pinion 


FUTURE OF EXTERNAL BROACHING 


Material 
Steel 
Steel 
Steel 
Cast Steel 
Cast Iron 
Malleable Tron 
Forging 
Forging 
Cast Iron 


Steel 
Zine Die Cast 


Cast Tron 


Cast Tron 
Forging 
Cylinder Cast Tron 


Steel 
Cast Iron 


Molvbdenum Steel 
Forging 

Forging 

Cast Tron 

Cast Tron 

Forgings 

Forging 


Forging 
Tool Steel 
Forging 
Forging 
Forging 
Forging 
Forging 
Forging 
Forging 
Forging 
Forging 
Forging 
Forging 


Forging 


Malleable Tron 
Forging 


Forging 
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Table 1 


Operation 
3 Slots 
Comp. Profile 
Two Cam Surfaces 
Lug Profile 
Semi-Circular Bearing 
Serrations 
Facing 
Slitting 
Gear Teeth 


Gear Teeth 
Surface 


Finish Joint Face 
and Ends to Size 
Step for Gasket 
Faces Large End 
1 Bearing Cap Surfaces 


Four Segments 
Slot Face 


Broach Radii 

Four Cross Holes 
Bolt Boss Contours 
Deep Radial Slots 
Bearing Pads 

Two Cam Surfaces 
Roughing 


Outer Contour 

Four Tongues 

Big End Radius and Faces 

Roughing 5 D.P. Teeth 

2 oper. Inside Surfaces. 
Outside Surfaces 

Face Large End 

Face 2 Trunnion Ends 

Face both sides, projection 
and front ends 

Finish 2 contact faces, 
trim both sides and both 
back bolt bosses 

Finish Radius and Side 

Four joint faces 

2 Contact Faces and Both 
Sides 

Surface Broaching two 
sides 

Finish Radius 

Finish Radius and 2 con- 
tact faces 

Finish radius between 
trunnions 


Rough Teeth 


Produce- Pieces 
tion per 
per Hr. Grind Type Broach 
200 =°1,500 Pull 
200 1,200 Pull 
300 =©2,000 Push 
275 2,000 Push 
60 800 Pull 
200 3,000 Serrated Pull 
200 =1,500 Double Face Pull 
200 =1,500 Pull 
225 3,500 Pull 
175 1.200 Push 
350 5.000 Push 
398 31,500 Vertical Push 
772 35.000 Vertical Push 
190 21.600 Vertical Push 
112 7.000 Horizontal 
65 5.000 Horizontal Pull 
180 
550 25.000 Horizontal Pull 
600 25,000 Vertical Push 
700 Horizontal Pull 
14 1,000 Horizontal Pull 
12 4.500 Horizontal 
1,800 = Vertical Push 
325 60.000 Horizontal Pull 
150 Vertical 
180 Vertical 
360 
600 
225 — Vertical 
450 
600 
1,000 
600 
600 
600 
600 
120 
1,000 
900 
600 
3,500 
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Fig. 12 


Fig. 8 


Fig. 9 


Fig. 10 
Fig. 11 


Fig. 13 
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Fig. 6—Typical Set-Up for Finish Broaching Straight- 
Tooth Profiles Developed by the National Broach & 
Machine Co. 


obtained. It is claimed that the milling equipment which 
this machine replaced produced only 11 to 13 blocks per hr. 
per machine with limits of plus or minus 0.001. Broaching 
tools of high-speed steel are said to produce 4500 to 5000 
blocks per grind with a life of approximately 50 grinds per 
tool. 

Fig. 5, which is not as distinct as it might be due to the 
fact that it is a photograph of a wash drawing, shows a 
machine developed by the American Broach & Machine Co. 
for finishing the top surface of the cylinder block. The 
broach used in this machine was shown in Fig. 1. 

Mr. Hunt states that at Plymouth he has broached ex 
perimentally the top, bottom, and manifold sides of cylinder 
blocks at the rate of g0 per hr. The speed of the broach was 
28 ft. per min., depth of cut 3/32 to \% in. 
exceptionally good and surfaces perfectly flat. 

Several reports have been received describing the external 
broaching of steering sectors which have been in regular 
production for about two years. One installation reported by 
the Colonial Broach Co. uses a two-spindle Oilgear broaching 
machine, the other is performed on a Foote-Burt duplex ma 
chine. In each case the specifications call for a true helix 
curve instead of a straight tooth form. To meet this require 
ment the broaching operation is used for roughing only, the 
final finishing being done on a gear cutting machine. On 
the Oilgear installation the roughing cut is approximately 
0.370 in. deep and production varies from 300 to 400 pieces 
per hr. 


The finish was 


On the Foote-Burt machine the rough-broaching operation 
removes 0.410 in. with a production of 600 pieces per hr. 

Fig. 6 shows a typical set-up for finish broaching straight 
tooth profiles developed by the National Broach & Machine 
Co. This application uses a push broach composed of four 
segments as shown and utilizes a simple form of machine. 
Actual production is 175 finished pieces per hr., 1200 pieces 


a 
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Fig. 7—Relay cutter Developed by The Bullard Co. 
Views at A and B on right Show application to External 
Cutting; other views show internal cutting. 


Table 2 


Surface 
Speed 
Cutting 
Stock Tolerance Ft. per 
Description Material Operation Removed on Finish Min. 
Crankshaft Bearing Cap Cast Iron Finish Joint Face & Ends to Size 0.621 cu. in. 24 
Crankshaft Bearing Cap No.4 Cast Iron Step for Gasket 0.221 cu.in. 18 
Connecting Rod Forging Faces Large End 0.087 cu. in., two caps 22 
Cylinder Block Cylinder Cast Iron 4 Bearing Cap Surfaces 1.710 cu. in. 25 
Shock-Absorber Wings Molybdenum Steel Broach Radii 0.600 on side 0.0005 in. 
Connecting Rod Forging Bolt Boss Contours 1/32 to 1/16 
Cylinder Block Cast Iron Bearing Pads 0.032 in. 0.0005 in. 
Clutch Lever Forging Two Cam Surfaces 1/16 in. 
Universal Joint Rings Forging Four Cross Holes 1/16 in. 0.0005 in. 
Coarse Steering Sector Forging Roughing 0.370 in. 
Free-Wheel Clutch Forging Outer Contour 3/16 in. 0.0005 in. 33 
Free-Wheel Cam Tool Steel Four Tongues 0.20 in. Commercial 20 
Connecting Rod Forging Big End Radius and Faces 1/8 in. 27 
Steering Sector Forging Roughing 5 D. P. Teeth 0.410 in. 0.001 to 
0.0005 in. 33 
Balance Weight Forging 2 operations. Inside Surfaces 0.001 to 
Outside Surfaces 3/16 in. 0.0005 in. 25 
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per grind of the broach. In all three cases the steering sector 
is a drop torging. 

Betore passing on to a detailed discussion ot applications, 
mention should be made of another outstanding development 
which is of interest because it touches very closely on the 
prophecy made in Mr. Bleicher’s paper, namely, the possi- 
bility ot broaching cylindrical surfaces. I have in mind the 
Relay method which is to be announced by the Bullard Co. 
While it may not be termed technically a broaching method, 
it does pro\ ide a segmented cutting tool so constructed as 
to produce a plow shearing or slicing of the metal chip and 
pushing it to one side so as to allow the cutting edge to 
advance with respect to the work. ‘The first form of the 
Relay cutter was a one-piece cutter of special design for finish 
ing bores. However, the principle may be applied to external 
cutting as shown diagrammatically in Fig. 7. 

It may be briefly described as consisting in subjecting the 
work while rotating at cutting speeds to the action of the 
tool, the elongated blade edge or edges of which are arranged 
to approach the work surface (either internal or external) at 
a major angle with respect to the axis of the work. The 
cutter blades set on an angle are presented to the work, and 
the cutter head is moved at a relatively slow speed so that 
the cutting action passes along the blade axially to the work. 
This prevents subjection of any one point of the cutter edge 
to continuous cutting contact with the work, thereby elimi 
nating continuous strain and heat for an excessive 


time 
interval. 


The apparatus employed for use of the Relay cutter con 
sists in general of means for rotating the work at cutting 
speed and means for rotating the Relay tool at feeding rate. 
Fig. 7 shows the eccentric setting of the head and the oppo 
site directions of work rotation and cutter feed. 


Fig. 8—Set-Up Sup- 
plied by Ex-Cell-O 
Aircraft & Tool Co. 
for Broaching 
Semi-Circular Seg- 
ments in a Steel 


Motor Rotor Hub 





Fig. 8a—Set-Up Designed by Houde Engineering Corp. 
for Finish-Broaching the Major Diameters of a Shock- 
Absorber Wingshaft 


Cutting Fluids 
Since broaching is partly a shearing action, accompanied 
by considerable liberation of heat, the selection of a suitable 
cutting fluid is of great importance, particularly in volume 
production and especially where fine surface finish is desired. 
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properties of an efficient refrigerant as well as one with good 
lubricating and wetting-out properties. I am told that while 
ordinary cutting compounds are being used with success on 
the medium steels, where fine finish is desired on low carbon, 
soft springy steels, a sulfonated cutting fluid with refrigerant 
properties is recommended. 

Large cast-iron bodies have been broached dry but a satis- 
factory coolant for small cast-iron parts has been found to 
be a mixture of paraffin oil and a small quantity of kerosene. 
This solution is said to work equally well on brass and bronze 
and produces a fine finish as well as giving long life to the 
broaches. 

In consulting with an important and rather successful pro 
ducer of cutting oils, it was found that their experience indi- 
cates the use of the following specifications: for general 
broaching operations where the quality of surface finish is 
not very important, an oil of a viscosity ranging between 150 
to 170 containing not less than 2 per cent sulfur. For fine 
finish the same material is used with the addition of 10 per 
cent lard by weight. 

In general, apart from the constructional features and par 
ticular advantages of various broaching machines being 
offered for the purpose, the most important problem concerns 
the design of the broach and work-holding fixtures. While 
both push and pull type of broaches are being used, I under 
stand that in external broaching either construction may be 
used satisfactorily since the broaches are held in substantial 
carrier bars which are perfectly guided in the fixtures. It is 
unnecessary to emphasize the need for great rigidity and 
accurate alignment both of the broach and the work. How- 
ever, this does not complicate the broaching problem in any 
way since these elements are considered as a part of the design 
of the work-holding fixture. 





Fig. 9—Tooling for Broaching Two Flats Across the 


Face of a Main Bearing Cap. Machine Is 
Horning Press 


Standard 
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Fig. 11—Set Up on Oilgear Horizontal Broaching Ma- 
chine for Broaching the Boss Contours in the Conneet- 
ing Rod and Cap 


Fig. 8 shows the set-up for broaching semi-circular seg 
ments in a steel, motor rotor hub which comes to this opera 
tion in the form of a turned cylinder. The equipment was 
supplied by the Ex-Cell-O Aircraft & Tool Corp. The opera 
tion is performed by means of four broaches approximately 


61 in. long, 1 3/16 in. wide and % in. thick. Three of the 





Fig. 
Circular Mating Radii in Half Rings for Roller Bearing 
Universal Prints 


10—High-Production Set-Up for Broaching Semi- 
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Fig. 12—Group of Nine Different 
Broach & Machine Co. 














Set-Ups Each of Which Is Self-Explanatory. Information Supplied by National 
Which Built and Designed the Tooling. Details Given in Table 1 


February, 1934 








72 S.A.E. JOURNAL 


(Transactions ) 


broaches remain in position throughout while the tourth 
broach 1s removed to provide the necessary ciearance while 
loading and unloading. ‘Lo assure accuracy, each broach is 
guided by a heavy guide the detail of which is clearly seen 
where the broach is titted out of position. 

Surface speed 6f the broaches is about 30 ft. per min., yield- 
ing a production of 65 pieces per hr. It is claimed that the 
lite ot the broach is approximately 8000 pieces per grind. 
1 am told that previously milling required four milling cut- 
ters and that average production was approximately 15 to 20 
pieces per hr. 

Through the courtesy of executives of the Houde Engi 
neering Corp., is shown Fig. 8a which is a set-up tor finish 
broaching the major diameters of a shock absorber wingshatt. 
The operation is performed on a Type XBro horizontal Oil 
gear broaching machine with a 15 hp. motor drive. One 
broach is cutting while the other is returning to the loading 
position. 


Left hand broach finish-broaches the 2.560 in. outside 
diameter having a width and length of cut of 7% in. Depth 


of cut is 0.005 in.; tolerance on the diameter—plus or minus, 
0.00075 in. Surfaces have been previously rough turned in 
a lathe. Right hand broach finish-broaches the 1.247 in. out- 
side diameter to a tolerance of plus or minus, 0.0005 in. 
Width of cut, 1 3/16 in.; length, 7% in.; depth, 0.007 in. 
Surfaces have been previously rough broached. 

One man operates one machine with two broaches and 
performs 400 operations per hr., with a cutting speed of 
approximately 24 ft. per min. Approximately 7000 |b. pull 
required for each broach. 


A similar set-up is used for the rough broaching operation, 


—« J 





Courtesy The Foote-Burt Co. 


Fig. 13—Group of Automotive Parts which Have Been 
Tooled for Foote-Burt Duplex Surface Broaching Ma- 
chines. Details Given in Table 1 
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both rough and finish-broaching ot the smaller diameter being 
done witn the broach shown in Fig. 2a. Production roughing 
about 500 pieces per hr. Approximately gooo tb. pull re 
quired tor each broach. 

Fig. g shows the tooling for broaching two flats across the 
face of a main bearing cap. The machine is a standard 
Horning press, the press and tooling being made by the 
American Broach & Machine Co. The bearing caps are ot 
cast iron, two being handled in the fixture at one setting. 
The slot is approximately % in. wide, 3/16 in. deep, taken 
across the tace of the bearings, at the oil slinger groove. Pro 
duction with this set-up is 480 pieces per hr. 

Fig. 10 shows a high production set-up tor broaching semi- 
circular mating radii in half rings tor roller bearing universal 
joints. Two opposite radii on each of four rings are broached 
with one pass, 1/16 in. of stock is removed, maintaining a 
tolerance of plus and minus 0.0005 in. Work is clamped 
and ejected automatically so that the operator is required 
only to load the fixture and trip the starter lever. 

Production is 600 finished pieces per hr. Tool life is said 
to be 25,000 to 30,000 pieces per grind. 

Fig. 11 shows a set-up on an Oilgear horizontal broaching 
machine for broaching the boss contours in the connecting 
rod and cap. Two pieces are handled at a time so as to 
eliminate lost motion. The contour is broached from the 
rough on both sides of each assembly removing 1/32 in. to 
1/16 in. stock from each surface. Production is 700 to 750 
pieces per hr. from one machine and one operator. The 
machine and tooling for this job is placed at about $2800. I am 
told that the previous method from which a production of 
about 1200 pieces per hr. was obtained required an outlay 
of approximately $17,000 for the machine and tooling. 

Fig. 12 shows a group of nine different set-ups each of 
which is self-explanatory. This information was supplied 
by the National Broach & Machine Co. who built and de 
signed the tooling. Details of each job are given in Table 1. 

Fig. 13 shows a group of automotive parts which have 
been tooled for Foote-Burt duplex surface broaching machines. 
The details of each of these jobs are given in Table r. 


Conclusion 


In conclusion, it is safe to say that the art of external o1 
surface broaching has provided production men with an 
entirely new method of finishing various types of external 
surfaces of large or small areas. How seriously this method 
will encroach upon the present methods of performing simi 
lar operations is something which must be answered by the 
future experience with this method as well as the competition 
of possible refinements in existing methods. 

It is also safe to conclude that ultimately, as our experience 
with external broaching broadens and as refinements both 
in the design of the broach and in commercial broaching 
machines become available, we shall undoubtedly see a more 
definite standardization of practice. It is quite conceivable 
that we shall find that certain types of work lend themselves 
peculiarly to the broaching method whereas other types of 
work perhaps will continue to be produced by existing meth- 
ods or at least refinements of them. 

Under existing conditions no manufacturing concern can 
afford to overlook any method that promises definite advan- 
tages in the direction of lower cost or increased productivity 
or any of the other factors which figure so prominently in 
automotive production. That this is recognized by all pro- 
gressive elements in our industry is evident from the present 
activity and widening scope of applications of external 
broaching. 


